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(54) Hydrogen-absorbing alloy 

(57) There is provided a hydrogen-absorbing alloy 
which contains an alloy ingot manufactured by means 
of a casting or sintering method or a pulverized product 
of the alloy ingot, and the alloy ingot being represented 
by the following general formula (1), 

(Mg,. a . b Ri a Mi b )Ni z (D 

wherein R1 is at least one element selected from 



rare earth elements (including Y), M1 is at least one el- 
ement selected from elements having a larger electron- 
egativity than that of Mg (excluding the elements of R1 , 
Cr, Mn, Fe, Co, Cu, Zn and Ni). and a, b and z are re- 
spectively a number satisfying conditions 0.1 ^ a ^ 0.8, 
0 < b £ 0.9, 1-a-b > 0, and 3 ^ z S 3.8. 
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Description 

This invention relates to a hydrogen-absorbing alloy and to a secondary battery comprising a negative electrode 
comprising the hydrogen-absorbing alloy. 

s Hydrogen-absorbing alloy has been noticed as being capable of safely and easily storing hydrogen as an energy 

source, and also as being useful as an energy exchange material or an energy storage material. Therefore, there have 
being proposed various applications of hydrogen-absorbing alloy as a new functional raw material. For example, hy- 
drogen-absorbing alloy has been proposed to employ for the storage and transport of hydrogen, the storage and trans- 
port of heat, the conversion of heat energy to mechanical energy, the separation and purification of hydrogen, the 

io separation of hydrogen isotope, a battery employing hydrogen as an active material, a catalyst in synthetic chemistry, 
and a temperature sensor. 

Recently, a nickel-hydrogen secondary battery where a hydrogen-absorbing alloy is employed as a negative elec- 
trode material has been attracting many attentions as a public-use battery of next generation, because the battery is 
advantageous in various aspects, e.g. it is high in capacity, highly resistive to over charging and over discharging, 

is capable of performing a high rate charge/discharge, free from environmental pollution, and interchangeable with a 
nickel-cadmium battery. Accordingly, many attempts have been intensively made at present for the application and 
actual use of the nickel -hydrogen battery. 

As evident from these facts, the hydrogen-absorbing alloy has many possibilities for various applications in view 
of its physical and chemical characteristics, so that the hydrogen^absorbing alloy is now considered as being one of 

20 important raw materials in future industries. 

The metal capable of absorbing hydrogen may be in the form of single substance which reacts exothermically with 
hydrogen, i.e., a metal element capable of forming a stable compound together with hydrogen (for example. Pd, Ti, Zr. 
V, rare earth elements and alkaline earth elements); or in the form of an alloy comprising an above-mentioned metal 
alloyed with other kinds of metal. 

25 One of the advantages of the alloying is that the bonding strength between a metal and hydrogen can be suitably 

weakened so that not only the absorption reaction but also the desorption (releasing) reaction can be performed com- 
paratively easily. Second advantage of the alloying is that the absorption and desorption characteristics of the alloy 
such as the magnitude of hydrogen gas pressure required for the reaction (equilibrium pressure; plateau pressure), 
the extent of equilibrium region (plateau region), the change (flatness) of equilibrium pressure during the process of 

30 absorbing hydrogen, etc. can be improved. Third advantage of the alloying is the improvement in chemical and physical 
stability of the alloy. 

The composition of the conventional hydrogen-absorbing alloy may be classified into the following types; 

(1) a rare earth element type (for example, LaNi 5 , MmNi 5 , etc.); 
35 (2) a Laves type (for example, 2rV 2 , ZrMn 2 , etc.); 

(3) a titanium type (for example, TiNi, TiFe, etc.); 

(4) a magnesium type (for example, Mg 2 Ni, MgNig, etc.); and 

(5) other types (for example, cluster, etc.). Among them, the rare earth element type hydrogen-absorbing alloy 
represented by the aforementioned type (1) is now put to practical use as an electrode material. However, the 

40 discharge capacity of the alkaline battery comprising this electrode material now reaches to as high as 80% or 

more of the theoretical capacity, so that any further increase in discharge capacity would be difficult. 

By the way, the rare earth element-Ni based intermetallic compound represented by the aforementioned type (1) 
includes many number of compounds other than an AB 5 type compound (A = a metal element which is capable of 
45 exothermically reacting with hydrogen, and B = another kind of metal). For example, Mat. Res. Bull., 11, (1976) 1241 
describes that an intermetallic compound containing a larger quantity of rare earth element as compared with the ABs 
type compound is capable of absorbing a larger quantity of hydrogen in the vicinity of normal temperature as compared 
with the AB 5 type compound. It is also reported that a magnesium-rare earth element based alloy, which is a magne- 
sium-substituted rare earth-Ni based alloy, is capable of absorbing a large quantity of hydrogen gas (Y Ohsumi, "Scxda 
so and Chlorine", 34, 447 (1 983)). 

It is pointed out by H. Oesterretcher et al in J. Lee-Common Met, 73,339 (1980) that La Vx Mg x Ni 2 type alloys for 
example among the alloys having such compositions are accompanied with a problem that the hydrogen -releasing 
rate thereof is very low due to the high stability thereof to hydrogen. 

There is also a report on a PuNi 3 type hydrogen -absorbing alloy having a composition of Mg 2 LaNi 9t which was 
55 made by K. Kadir et al as described in a summary of lecture in the 120th Spring Meeting of Japan Metallic Society, p. 
289 (1997). 

However, the magnesium-rare earth element based alloys having the aforementioned compositions are accom- 
panied with a problem that even though the quantity of hydrogen absorption in a gaseous phase is large, the electrode 
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comprising this alloy scarcely works in an alkaline electrolyte at normal temperature 

Japanese Patent Unexamined Publication S/62-271348 discloses a hydrogen absorption electrode comorisi™ . 

edoy'^ 

However, a metal oxide-hydrogen secondary battery comprising any of these hydrogen absorption electrodes is 
low m discharge capacity and short in charge/discharge cycle life electrodes is 

abso F r D , rt n h Q e «l.o^^ U f Ca,i0n f W097/0321 3 d * cl <*« a hydrogen absorption electrode containing a hydrogen- 
absorbing alloy having a composition represented bv a oeneral formula «v rn i wmj k* % * 'yu ( uyen 

boundary and a LaNi 5 crystal structure. tL hydrogen^^ 

represented by the genera, formula (i) to drop on the surface of a roll whereby cSng I sIK me! unS 
cooling cond.t,ons: 50to500'C in supercooling temperature and 1,000 to 10 000'C/sec h«S?22 thLoK 
flakes having a thickness o, 0. 1 to 2.0 mm. which is then heat-treated. TH^S^^^^SSS 
menhoned manufacturing conditions are not met. the resultant alloy may have two ph^TT^ lt rT, , 

S p n hase Ce2Ni7 *" CfyStal ^ ^ h6nCe 1 iS h ^-* * ^ SX'S.KS 
gen^a^ 

Accordingly, an object of the present invention is to overcome the problem that the aforempntinnoH ™ 
rare earth element type hydrogen-absorbing alloy is too high in stabilitv -til torinZ. Z 9 ^ 0temB ^° ned ™9nes,um- 
to provide a hydrogen-absorbing alloy which is caoable o I ™J r k ! 9 6386 h y dro 9 en - and hence 

large discharge capacity. * P °' eaSlly rea " Z,r,g 3 hydf °9 en ^sorption electrode having a 

dJaZyc^ 

Namely, according to the present invention, there is provided a hvdrooen-absorhinn a ii™ ^-.^ . 
ingot manufactured by means of a casting or sintering method ^S^SSS^^£^^^ T 
ingot being represented by the following general formula (1 ); V 9 and the all °y 

( M 9i-a.bRl a M1b)Ni z (1) 

According to the present invention, there is further provided a hydroqen-absorbino all ou u^h . • 
ingot manufactured by means of a casting or sintering method or a SCSd X ^r " ° y 
ingot being represented by the following general formula (2); V 9 ' and ,he alloy 

M 9 n . a R1 a (Ni 1 . x M2 x ) 2 (2) 

se ,ectSZ E T^lTZ d TT em ( : cludin9 Y,: M2 is * teast - e — 

conditbns: 0.1 S a s 0 8. 0 < x S O 9 and 3 < * S 3 a ^ ^ X and * ™ reSpec,ivel V a num ^ satisfying 
alloy^aTu^ 

alloy ingo, being represented by the fS^iSSSZ^ * * ^ »*" °' a "° y the 

M9 1 . a . b Rl a Ml b (Ni 1 . )( M2 x ) 2 (3) 

selector z ^tscs^^^ss (i r in9 , Y); - is at - - e — 

~rgere„^^ 
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10 



15 



x and z are respectively a number satisfying conditions: 0. 1 * a < 0.8, 0 < b =i 0.9, 1 -a-b > 0, 0 < x ^ 0.9, and 3 ^ z £ 3.8. 

According to the present invention, there is further provided a hydrogen-absorbing alloy which contains an alloy 
ingot manufactured by means of a casting or sintering method or a pulverized product of the alloy ingot, and the alloy 
ingot being represented by the following general formula (4); 

Mg 1 . a m a (Ni 1 . x M3 x ) 2 (4) 

wherein R1 is at least one element selected from rare earth elements (including Y); M3 is at least one element 
selected from the group consisting of Co, Mn, Fe, AI, Ga, Zn, Sn, Cu, Si and B; and a. x and z are respectively a number 
satisfying conditions: 0.65 0.8, 0<xs 0.6, and 3 2a z ^ 3.8. 

Further, according to the present invention, there is also provided a hydrogen-absorbing alloy which contains an 
alloy ingot manufactured by means of a casting or sintering method or a pulverized product of the alloy ingot, and the 
alloy ingot being represented by the following general formula (5); 

wherein R1 is at least one element selected from rare earth elements (including Y); T1 is at least one element 
20 selected from the group consisting of Ca, Ti, Zr and Hf ; M3 is at least one element selected from the group consisting 
of Co, Mn, Fe, AI, Ga, Zn, Sn, Cu, Si and B; and a, b, x and z are respectively a number satisfying conditions: 0.65 ^ 
a < 0.8, 0 < b ^ 0.3, 0.65 < (a+b) ^ 0.8, 0 < x £ 0.6, and 3 £ z ^ 3.8. 

Further, according to the present invention, there is also provided a hydrogen-absorbing alloy which contains an 
alloy ingot manufactured by means of a casting or sintering method or a pulverized product of the alloy ingot, and the 
25 alloy ingot being represented by the following general formula (6); 

Mga Rl 1- a ( Ni 1-x-y Co x M4 y)z (6) 

30 wherein R1 is at least one element selected from rare earth elements (including Y); M4 is at least one element 

selected from the group consisting of Mn, Fe, V, Cr, Nb. AI. Ga, Zn, Sn, Cu, Si, P and B; and a, x, y and z are respectively 
a number satisfying conditions: 0.2 ^ a ^ 0.35, 0 < x ^ 0.5, 0 £ y 0.2, and 3 ^ z ^ 3.6. 

Further, according to the present invention, there is also provided a hydrogen-absorbing alloy which contains an 
alloy ingot manufactured by means of a casting or sintering method or a pulverized product of the alloy ingot, and the 
alloy ingot being represented by the following general formula (7); 



35 



40 



45 



SO 



55 



wherein R1 is at least one element selected from rare earth elements (including Y); 12 is at least one element 
selected from the group consisting of Ca, Ti and Zr; M4 is at least one element selected from the group consisting of 
Mn, Fe, V, Cr, Nb, AI, Ga, Zn, Sn, Cu, Si, P and B; and a, b, x, y and z are respectively a number satisfying conditions: 
0.2 ^ a ^ 0.35, 0 < b S 0.3, 0 < x ^ 0.5, 0 ^ y ^ 0.2, and 3 £ z £ 3.8. 

Further, according to the present invention, there is also provided a hydrogen-absorbing alloy which contains an 
alloy ingot manufactured by means of a casting or sintering method or a pulverized product of the alloy ingot, and the 
alloy ingot being represented by the following general formula (8); 

wherein R1 is at least one element selected from rare earth elements (including Y) but is not La; and a, h and z 
are respectively a number satisfying conditions: 0.2 £ a ^ 0.35, 0.01 £ b < 0.5, and 3 ^ z ^ 3.8. 

Further, according to the present invention, there is also provided a hydrogen-absorbing alloy which contains an 
alloy ingot manufactured by means of a casting or sintering method or a pulverized product of the alloy ingot, and the 
alloy ingot being represented by the following general formula (9); 
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M9.(U h *Rl b ),.,(Ni lij| M3 x ) 1 (9) 

wherein R1 is at least one element selected from rare earth elements (including Y) but is not La; M3 is at least 
one element selected from the group consisting of Co. Mn. Fe, Al. Ga, Zn. Sn, Cu, Si and B; and a. b. x and z are 
respectively a number satisfying conditions: 0.2 S a S 0.35, 0.01 S b < 0.5, 0.1 S x £ 0.6, and 3 § z s 3.9 

Further, according to the present invention, there is also provided a hydrogen-absorbing alloy containing an alloy 
represented by the following general formula (10); 

M 9.R2i* b T1 b (Ni 1 . x M3 x ) I (10) 

wherein R2 is two or more kinds of element selected from rare earth elements (including Y). the content of Ce 
constituting the R2 being less than 20% by weight; T1 is at least one element selected from the group consisting of 
Ca. 71. Zr and Hf; M3 is at least one element selected from the group consisting of Mn. Fe, Co. Al, Ga Zn Sn Cu Si 
and B; and a. b, x and z are respectively a number satisfying conditions: 0 < a £ 0.5, 0 £ b s 0 3 0 s x '<= 0 ' 9 and 
3S2<4. " 

Further, according to the present invention, there is also provided a hydrogen-absorbing alloy containinq an allov 
represented by the following general formula (11); 

M B.fO,* b T1 b (Nl 1 ^ y M5 II Co y ) 1 

wherein R3 is two or more kinds of element selected from rare earth elements (including YV T1 is at least on* 
element selected from the group consisting of Ca. 71. Zr and Hf; MS is at least one element selected from the group 
cons.st.ng of Mn. Fe, Al, Ga, Zn. Sn. Cu. Si and B; a. b. x. y and z are respectively a number satisfying conditions- 0 

r ' t 0 ' 5 ' ? h ^ °- 1° t X ^ ° 9, ° * V S °- 4 ' X+V S °* ^ 3 S Z < 4 ' ,he COn,ent ° f Ce «"■"■"! RSng 
less than m% by weight where m is represented by the following formula (I); 



m= 125y + 20 



(I) 



wherein y is a quantity of Co in the aforementioned general formula (11 ) 
Further according to the presenl invention, there is also provided a hydrogen-absorbing alloy comprising an alloy 

SSTEE I T 9 9 rrJ/ 0rmUla (12) " alby C ° n,ainin9 3 Principal P hass havi "9 a ^Position Z7e 
the a and z in the general formula (12) meet the following formula (II), and the alloy having a plane defect in the principal 
phase which is not more than 20 in number per 1 00 nm; "icipai 

Ma a Rl i.a.b T 1b(Nii-x Ms x )z (12) 

wherein R1 is at least one element selected from rare earth elements (including Y); Tl is at least one element 
selected from the group .consisting 0, Ca. 71. Zr and Hf; M6 is at least one element selected from the group consS 
of Co, Mn, Fe. Al, Ga, Zn. Sn, Cu. Si. B. Nb. W. Mo. V. Cr. Ta. P and S; and a, b. x and z are respectively a muS 
satisfying conditions: 0.2 £ a S 0.35. 0 £ b £ 0.3. 0 < x S 0 6. and 3 & z S 3 8- res Pectwely a number 



z = -6 x a + 5 ^ 



wherein 6 is: 5 - 0.2 § 6 s 5 + 0.2. 



Furthej. according to the present invention, there is also provided a hydrogen-absorbing alloy comprisinq an allov 
represented by the followmg genera, formu.a (13). the a.loy containing more than 70% by volume of crystaTgnLin havS 
a plane defect of not more than 20 ,n number per 100 nm and a principal phase having a composition whe?e the mT and 
z in the general formula (1 3) meet the following formula (II); 



(13) 
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wherein R1 is at least one element selected from rare earth elements (including Y); T1 is at least one element 
selected from the group consisting of Ca, Ti. Zr and Hf ; M6 is at least one element selected from the group consisting 
of Co Mn Fe M Ga, Zn, Sn, Cu Si, B, Nb. W, Mo, V, Cr, Ta, P and S; and a, b. x and z are resoecfvely a number 
satisfying conditions: 0.2 ^ a £ 0.35, Ogbi 0.3, 0 < x ^ 0.6, and 3 =S z % 3.8; 

z = -6xa + 6 (») 



wherein 6 is: 5 - 0.2 ^ 8 % 5 + 0.2. 
10 Further according to the present invention, there is also provided a hydrogen-absorbing alloy comprising an alloy 

represented by the following general formula (1 4). the alloy containing a principal phase having a composition where 
the a and z in the general formula (14) meet the following formula (II). not more than 20% by volume of a phase having 
a CaCu 5 type crystal structure and not more than 10% by volume of a phase having a MgC^ type crystal structure; 

15 Mg.RI^^TI^Ni.^MS,), M 

wherein R1 is at least one element selected from rare earth elements (including Y); T1 is at least one element 
selected from the group consisting of Ca. Ti, Zr and Hf ; M6 is at least one element selected from the group consisting 
20 of Co, Mn, Fe, Al, Ga, Zn, Sn. Cu, Si, B, Nb, W, Mo, V. Cr. Ta, P and S; and a. b. x and z are respectively a number 
satisfying conditions: 0.2 % a 0.35, 0 ^ b * 0.3, 0 < x ^ 0.6. and 3 ^ z £ 3.8; 



25 



30 



z=-6Xa + 8 00 

wherein 5 is: 5 - 0.2 ^ 5 ^ 5 + 0.2. 
Further according to the present invention, there is also provided a secondary battery comprising a negative 
electrode containing hydrogen-absorbing alloy particles comprising a pulverized product of an alloy ingot manufactured 
by means of a casting or sintering method and the alloy ingot being represented by the following general formula (1); 

wherein R1 is at least one element selected from rare earth elements (including Y); M1 is at least one element 
55 selected from elements having a larger electronegativity than that of Mg (excluding the elements of R1, Cr, Mn, Fe, 
Co, Cu, Zn and Ni); and a, b and z are respectively a number satisfying conditions: 0.1 ^ a % 0.8, 0 < b ^ 0.9, 1 -a-b 
> 0, and 3 ^ z S 3.8. 

Further, according to the present invention, there is also provided a secondary battery comprising a negative 
electrode containing hydrogen-absorbing alloy particles comprising a pulverized product of an alloy ingot manufactured 
40 by means of a casting or sintering method and the alloy ingot being represented by the following general formula (2); 

M9 Va R1 a( Ni i.x M2 x)z < 2 > 

45 wherein R1 is at least one element selected from rare earth elements (including Y); M2 is at least one element 

selected from the group consisting of Cr, Mn, Fe, Co, Cu and Zn; and a. x and z are respectively a number satisfying 
conditions: 0.1 % a =S 0.8, 0 < x ^ 0.9, and 3 ^ z ^ 3.8. 

Further, according to the present invention, there is also provided a secondary battery comprising a negative 
electrode containing hydrogen-absorbing alloy particles comprising a pulverized product of an alloy ingot manufactured 

50 by means of a casting or sintering method and the alloy ingot being represented by the following general formula (3); 

Mgi.a-b Rl a M1 b( Ni l -x M2 x)z (3) 



55 



wherein R1 is at least one element selected from rare earth elements (including Y); M2 is at least one element 
selected from the group consisting of Cr, Mn, Fe r Co, Cu and Zn; Ml is at least one element selected from elements 
having a larger electronegativity than that of Mg (excluding the elements of R1 , the elements of M1 and Ni); and a, b, 
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x and z are respectively a number satisfying conditions: 0.ls a < 0.8, 0 < b s 0.9. 1 -a-b > 0 0 < x £ 0 9 and 3 s z < 3 B 
Further, according to the present invention, there is also provided a secondary battery comprising a negative 
electrode containing hydrogen-absorbing alloy particles comprising a putverized product of an al.oy ingot manufactured 
by means of a cast.ng or sintering method and the alloy ingot being represented by the following general formula (4); 

MSvaRVNii-xMy; (4) 

wherein R1 is at least one element selected from rare earth elements (including Y); M3 is at least one element 
se ected from the group consisting of Co, Mn, Fe, Al, Ga, Zn, Sn. Cu. Si and B; and a, x and z are respectively a n umbe 
satisfying conditions: 0.65 S a £ 0.8, 0 < x £ 0.6, and 3 £ z S 3 8 specweiy a number 

Further, according to the present invention, there is alsTprovided a secondary battery comprising a neoative 
by means of a casting or smtenng method and the alloy ingot being represented by the following gener^Sa s) 



M 9 1 . a . b R1 a T1 b (Ni 1 . x M3 x ) z 



(5) 



wherein R1 is at least one element selected from rare earth elements (including Y); T1 is at least one element 
of to Mn Fe a! ^J?*? °t ? *** ^ ™ " * leaSt 0ne element ^ *™ t W ~nsX 

Further, according to the present invention, there is also provided a second*™ h*ttorw ™~ • 
e.ec, ro dec r ininghyd^^ 

by means of a castmg or s.ntenng m e,hod and the a.by ingot being represented' by the t^X^utoW 

M 9 a R1i-a(NW y Co x M4 y ) 2 (6) 

wherein R1 is at least one element selected from rare earth elements (including YV M4 is at least one a |p mon , 
selected from the group consisting of Mn, Fe V Cr Nb Al Ga 7n <?n r„ qi d^mo I' element 
a number satisfying conditions: 0.2 £ a £ 0.35 0 < : x £ 0 5 ' C , * J T S Q 2 and 3 £ z * 

Further, according to the present invention, there is also provided a second* rv hott*™ 

electrodecontaininghydrogen-absorb^^^ 

by means o, a casting or sintering method and the a.loy ingo, being represented' ^Z^SZ^oZ^, 

wherein R1 is at least one element selected from rare earth elements (including Y)- 12 is at least one fi | ftm0 n» 

0.2 £ a £ 0.35, 0 < b £ 0.3, 0 < x £ <5 0 £ y S 0 2 and H H 3.8 " " 3 COndi,i ° nS: 
eiectrrrr^hydTogt ^ery comprising a negate 

bymeansofa.stfn/orsLertngmethld^ 
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Mg a (La w R1 b ) 1 JNi 1 ^M3 x ) 1 



(9) 



wherein R1 is at least one element selected from rare earth elements (including Y) but is not La; M3 is at least 
one e remr s Lted from the group consisting of Co, Mn, Fe, A., Ga, Zn. Sn Cu, * J - Z ™ 

respectively a number satisfying conditions: 0.2 ^ a ^ 0.35, 0.01 £ b < 0.5, 0.1 ^ x £ 0.6, and 3 £ z & 3.8. 

TuS according to the present invention, there is also provided a secondary battery compns.ng a negative 
electrode containing a hydrogen-absorbing alloy comprising an alloy represented by the following general formula (1 0); 

Mg a R2 l . a . b T1 b (Ni l . x M3 x ) 2 00) 

wherein R2 is two or more kinds of element selected from rare earth elements (including Y), the content of Ce 
constituting the R2 being less than 20% by weight; T1 is at least one element selected from the group consisting of 
Ca Tl Zr and Hf; M3 is at least one element selected from the group consisting of Mn, Fe, Co, Al, Ga, Zn, Sn, Cu. Si 
and B; and a, b. x and z are respectively a number satisfying conditions: 0 < a ^ 0.5, 0 g b £ 0.3, 0 ^ x < 0.9, and 

3 % Further, according to the present invention, there is also provided a secondary battery comprising a negative 
electrode containing a hydrogen-absorbing alloy comprising an alloy represented by the following general formula (1 1 ); 

Mg a R3 1 . a -b Tl b( Ni 1.x.y M5 x C °y)z 

wherein R3 is two or more kinds of element selected from rare earth elements (including Y); T1 is at least one 
element selected from the group consisting of Ca, Tl, Zr and Hf; M5 is at least one element selected from the group 
consisting of Mn Fe, Al, Ga, Zn, Sn, Cu, Si and B; a, b, x, y and z are respectively a number satisfying conditions: 0 
< a S. 0.5, Ogb'g 0^3, 0 ^ x ^ 0.9, 0 < y ^ 0.4, x+y ^ 0.9, and 3 ^ z < 4, the content of Ce constituting the R3 being 
less than m% by weight where m is represented by the following formula (I); 

m=125y + 20 0) 



wherein y is a quantity of Co in the aforementioned general formula (11). 
Further according to the present invention, there is also provided a secondary battery comprising a negative 
electrode containing a hydrogen-absorbing alloy comprising an alloy represented by the following general formula (1 2). 
the alloy containing a principal phase having a composition where the a and z in the general formula (12) meet the 
formula (II), and the alloy having a plane defect in the principal phase which is not more than 20 in number per 100 nm; 

M9a R1 i.a-b Tl b( Ni i.x M6 x)z (12) 

wherein R1 is at least one element selected from rare earth elements (including Y); T1 is at least one element 
selected from the group consisting of Ca, Ti, Zr and Hf ; M6 is at least one element selected from the group consisting 
of Co, Mn, Fe, Al, Ga, Zn, Sn, Cu, Si, B, Nb, W, Mo, V, Cr, Ta, P and S; and a, b, x and z are respectively a number 
satisfying conditions: 0.2 ^ a % 0.35, 0 £ b % 0.3, 0 < x =s 0.6, and 3 ^ z ^ 3.8; 

z = -6Xa + 5 (II) 



wherein 5 is: 5 - 0.2 % 8 % 5 + 0.2. 
Further, according to the present invention, there is also provided a secondary battery comprising a negative 
electrode containing a hydrogen -absorbing alloy comprising an alloy represented by the following general formula (13), 
the alley containing more than 70% by volume of crystal grain having a plane defect of not more than 20 in number 
per 1 00 nm and a principal phase having a composition where the a and ?. in the general formula (1 3) meet the following 
formula (!i); 
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M 9 a R1 Va . b Tl b (Ni l . J( M6 JC ) 2 (13J 

wherein R1 is at least one element selected from rare earth elements (including Y); T1 is at least one element 
selected from the group consisting of Ca, 71, Zr and Hf; MS is at least one element selected from the group consistinq 
of Co, Mn. Fe. Al, Ga. Zn, Sn, Cu, Si, B, 1Mb, W, Mo, V, Cr, Ta, P and S; and a, b, x and z are respectively a number 
satisfying conditions: 0.2 ^ a ^ 0.35, 0 £ b s 0.3, 0<x< 0.6, and 3 s z s 3.8; 

z = -6xa + 5 (II) 

wherein 8 is: 5 - 0.2 S 6 < 5 + 0.2. 
Further, according to the present invention, there is also provided a secondary battery comprising a negative 
electrode containing a hydrogen-absorbing alloy comprising an alloy represented by the following general formula (1 4) 
the alloy containing a principal phase having a composition where the a and z in the general formula (14) meet the 
following formula (II), not more than 20% by volume of a phase having a CaCu 5 type crystal structure and not more 
than 10% by volume of a phase having a MgCug type crystal structure; 

Mfl.R1i.^T1 b <M^My z (14) 

wherein R1 is at least one element selected from rare earth elements (including Y); T1 is at least one element 
selected from the group consisting of Ca. T.. Zr and Hf ; M6 is at least one element selected from the group consisting 
of Co, Mn. Fe Al, Ga Zn. Sn, Cu, Si, B, Nb, W, Mo. V. Cr. Ta. P and S; and a. b. x and z are respects* a number 
satisfying conditions: 0.2 £ a S 0.35, 0 £ b S 0.3. 0 < x S 0.6, and 3 m z £ 3.8; 

z = -6 X a + 5 

wherein 8 is: 5 - 0.2 S 6 § 5 + 0.2. 

This summary of the invention does not necessarily describe all necessary features so that the invention may also 
be a sub-combination of these described features. 

The invention can be more fully understood from the following detailed description when taken in conjunction with 
the accompanying drawings, in which: 

FIG. 1 is a graph showing a relationship between the content of Ce and the content of Co in R3 in a hydrogen- 
absorbing alloy according to this invention; y 9 
FIG. 2 is a partially sectioned perspective view showing a cylindrical nickel-hydrogen secondary battery represent- 
ing one embodiment of an alkaline secondary battery of this invention- yrepreseni 
FIG. 3 is a schematic view of a temperature-scanning type hydrogen'absorption/desorp.ion property-evaluating 
apparatus to be employed in an example of this invention; and evaluating 
RG. 4 is a microphotograph illustrating a transmission electron microscopic image of the principal phase of a 
hydrogen-absorbing alloy according one example of this invention. P P P 6 ot a 

Next, fourteen kinds of hydrogen-absorbing alloy according to this invention will be explained in detail as follows. 
(A) A first hydrogen-absorbing alloy 

This hydrogen-absorbing alloy contains an alloy ingot manufactured by means of a casting or sintering method or 

wherein R1 is at least one element selected from rare earth elements (including Y); M1 is at least one element 
selected from elements having a larger electronegativity than that of Mg (excluding L elements of m Cr , Mn Fe 
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Co, Cu, Zn and Ni); and a, b and z are respectively a number satisfying conditions: 0.1 S a 3 0.8, 0 < b ^ 0.9, 1 -a-b 

> °" h^wVSvhfg the manufacturing cost of a hydrogen-absorbing alloy, the aforementioned element R1 should 
preferably be at least one kind of element selected from the group consisting of La, Ce, Pr, Nd and Y. Among them it 
is oreferable to employ a misch metal which is mixture of rare earth elements. This misch meta! should preferably be 
an alloy where the content of La, Ce, Pr and Nd accounts for 99 wt% or more. Specific examples of such a misch metal 
are a Ce-rich misch metal (Mm) containing 50 wt% or more of Ce and not more than 30 wt% of La. or a La-r.ch m.sch 
metal (Lm) where the content of La is larger than that of the aforementioned Mm. 

The reason for limiting the range of (a) is as follows. Namely, if the value of (a) is less than 0.1, it may become 
difficult to enhance the hydrogen absorption rate of the alloy. On the other hand, if the value of (a) exceeds over 0.6, 
it may become difficult to improve the rechargeable hydrogen storage capacity of the alloy, so that the properties 
inherent to the Mg-based alloy may be vanished. A more preferable range of the (a) is 0.35 =i a ^ 0.8. 

The aforementioned M1 may be A1:1.5, Ta:1.5, V:1.6, Nb:1.6, Ga:1.6, ln:1.7, Ge:1.8, Pb:1.8 Mo:1.8 Sn:1 8, Sr. 
1 8 Re1 9 Ag1 9 B'2 0, C:2.5, P:2.1, lr:2.2, Rh:2.2, Ru:2.2, Os:2.2, Pt:2.2, Au:2.4, Se:2.4 and S:2.5. This M1 can 
be one or more than one kinds of these elements. The numerical value following the symbol V in each element denotes 
an electronegativity of a metal as the value of polling is employed. By the way, the electronegativity of Mg as the value 

of polling is employed is 1.2. 

It is possible to increase the hydrogen equilibrium pressure of the alloy by substituting the M1 for a portion of Mg 
by the aforementioned quantity (0 < b =g 0.9). As a result of this substitution, it is possible to enhance the working 
voltage of the alkaline secondary battery comprising a negative electrode containing the aforementioned alloy, whereby 
the discharge capacity and charge/discharge cycle life of the battery can be improved. 

Further, the alloy having such a composition is capable of improving the hydrogen absorption/desorption rate 
assumably due to the following mechanism. Namely, there is a correlation in many of hydride of simple metal that the 
larger the difference in electronegativity between a metal and hydrogen is, the larger is the bonding force between a 
metal and hydrogen. When th e change in bonding force between the alloy and hydrogen by substituting another element 
for a portion of Mg is examined from the viewpoint of electronegativity, it is assumed that the larger the difference in 
electronegativity between a metal and hydrogen is, the larger the ionic bond becomes between the metal and hydrogen, 
thus enhancing the bond between the metal and hydrogen, and increasingly stabilizing the hydrogen absorbed therein. 

Therefore, when the aforementioned M1 is selected from those having a larger electronegativity than that of Mg, 
the difference in electronegativity between the hydrogen-absorbing alloy and hydrogen can be minimized, and hence 
the hydrogen inside the crystal lattice of the alloy is assumed to be made unstable, thus resulting in an improvement 
in hydrogen absorption/desorption property of the hydrogen-absorbing alloy. 

Especially, when Al or Ag, or both are employed as the M1 , the crystal lattice of the hydrogen-absorbing alloy can 
be expanded, thus improving the hydrogen absorption/desorption property of the hydrogen-absorbing alloy. 

Further, when the value of "b" exceeds over 0.9, the crystal structure of the hydrogen-absorbing alloy may be 
prominently altered, thus deteriorating the properties inherent to the Mg-based alloy. 

Additionally, the hydrogen-absorbing alloy of this composition would be sharply deteriorated in catalytic activity at the 
moment of hydrogen absorption. More preferable range of the "b' is 0.1 ^ b ^ 0.8. 

The reason for limiting the range of (z) is as follows. Namely, If the value of (z) is less than 3.0, the hydrogen inside 
the alloy is highly stabilized, thus minimizing the desorption of hydrogen from the alloy. On the other hand, if the value 
of (z) exceeds over 3.8, the hydrogen site in the alloy would be reduced, thus possibly decreasing the quantity of 
hydrogen absorption. A more preferable range of the (z) is 3.0 ^ z ^ 3.6. 

This first hydrogen-absorbing alloy may contain an element such as C, N, O or F as an impurity as far as the 
content of such an element is within a range which does not hinder the property of the alloy However, it is preferable 
that the content of these impurities should be not more than 1 wt% respectively 

This first hydrogen-absorbing alloy can be manufactured by means of a casting or sintering method as explained 
below. 



(Casting method) 

(a) Each element was weighed to obtain a predetermined mixture, which was then molted by means of an induction 
lurnace in an argon atmosphere for instance, and cast in a mold to obtain an alloy ingot having an aimed compo- 
sition. 

(b) Mother alloys such as an RNi s -type alloy, an Fl>Ni r type alloy, an RNi 3 -type alloy, an RNi 2 -type alloy, an Mg 2 Ni- 
lype alloy, and an MgNi 2 -type alloy were prepared by means of an induction furnace. Then, each mother alloy was 
weighed to obtain a predetermined mixture and then molted by means of an induction furnace, the resultant melt 
being casl in a mold to obtain an alloy ingot having an aimed composition. 
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(Sintering method) 



(a) Each element was weighed to obtain a predetermined mixture, which was then sintered in an argon atmosphere 
for instance the resuttan sintered product being subsequently heat-treated a, around the merting poinSo to 
obtain an alloy ingot having an aimed composition. 801 0 

(b) Mother alloys having a relatively high melting point, such as an RNfe-type alloy, an R,Ni 7 -type allov an RNi 

I! 6 ST 7TT ?* T " RNMyPe ^ W9re Prepared b * * aninductfon rn^e 2' t e same 
tone, another kind of mother alloy such as an Mg 2 Ni-type alioy and an Mgr^-type alloy were prepared by means 
of an induct™ furnace. Then, each powder of mother alloy was weighed Inc I mixed to obtain a predetermined 
^ hea, " ,rea,ed 31 af0Und ^ m6,tin9 ^ *~* ,0 ° blain an «** i"90t nlr g an 

The alloy ingol [thus obtained is then preferably heat-treated in vacuum or in an inert atmosphere at a temperature 

(B) A second hydrogen-absorbing alloy 

This hydrogen-absorbing alloy contains an alloy ingot manufactured by means of a casting or sinterino me.h^ or 



M Si..R1.(Ni 1 .„M2 x ) I (2) 

wherein R1 is at least one element selected from rare earth elements (including Y) M2 isfat least ona B | nmo «, 
selected from the group consisting o, C, Mn. Fe. Co. Cu and Zn; and a. x and z are r^ect^a SS^S 



0.1 =£ a =s 0.8, 0 < x £ 0.9, and 3 s z S 3.8. 



hydrogen absorption. A more Z^X?-SI^« 6 ^ deCfaaSin9 " ^ * 

This second hydrogen-absorbing alloy may contain an element such as C. N. O or F as an impurity as far as the 
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content of such an element is within a range which does not hinder the property of the alloy. However, it is preferable 
that the content of these impurities should be not more than 1 wt% respectively. 

This second hydrogen-absorbing alloy can be manufactured by means of a casting or sintering method as explained 
above. 

5 The alloy ingot thus obtained is then preferably heat-treated in the same manner as explained with reference to 

the aforementioned first hydrogen-absorbing alloy. 

(C) A third hydrogen-absorbing alloy 

10 This hydrogen-absorbing alloy contains an alloy ingot manufactured by means of a casting or sintering method or 

contains a pulverized product of the alloy ingot. The alloy ingot has a composition represented by the following general 
formula (3); 

15 Mg l . < , b R1 a M1 b (Ni 1 . x M2 x ) 2 (3) 

wherein R1 is at least one element selected from rare earth elements (including Y); M2 is at least one element 
selected from the group consisting of Cr, Mn, Fe, Co, Cu and Zn; M1 is at least one element selected from elements 
having a larger electronegativity than that of Mg (excluding the elements of R1 , the elements of M1 and Ni); and a, b, 
^° x and z are respectively a number satisfying conditions: 0. 1 % a S 0.8, 0 < b ^ 0.9, 1 -a-b > 0, 0 < x ^ 0. 9, and 3 S z S 3.8. 

Specific examples of the element R1 may be the same as explained with reference to the aforementioned first alloy. 
The reason for limiting the range of (a) is as follows. Namely, if the value of (a) is less than 0.1 , it may become 
difficult to enhance the hydrogen absorption rate of the alloy. On the other hand, if the value of (a) exceeds over 0.8, 
it may become difficult to improve the rechargeable hydrogen storage capacity of the alloy, so that the properties 
25 inherent to the Mg-based alloy may be vanished. A more preferable range of the (a) is 0.35 ^ a ^ 0.8. 

As for the element M1 of this alloy, the same kinds of element as explained with reference to the aforementioned 
first alloy can be employed. Especially, it is preferable to employ Al or Ag, or both as the Mt. Because, a hydrogen- 
absorbing alloy containing such an M1 is capable of expanding the crystal lattice of the hydrogen-absorbing alloy, thus 
further improving the hydrogen absorption/desorption property thereof. 
30 It is possible to increase the hydrogen equilibrium pressure of the alloy by limiting the range of (b) to the afore- 

mentioned range. As a result, it is possible to enhance the working voltage of the alkaline secondary battery comprising 
a negative electrode containing the aforementioned alloy, whereby the discharge capacity and charge/discharge cycle 
life of the battery can be improved. 

Further, when the value of "b" exceeds over 0.9, the crystal structure of the hydrogen-absorbing alloy may be 
35 prominently altered, thus deteriorating the properties inherent to the Mg-based alloy. More preferable range of "b" is 
0.1 ^ b ^ 0.8. 

It is possible to improve the hydrogen absorption/desorption rate of the alloy by substituting the M2 for a portion 
of Ni by the aforementioned quantity (0 < x ^ 0.9). Further, an alkaline secondary battery comprising a negative elec- 
trode containing this alloy enables the charge/discharge cycle property thereof to be remarkably improved. 

40 Further, when the value of V exceeds over 0.9, the crystal structure of the hydrogen-absorbing alloy may be 

prominently altered, thus deteriorating the properties inherent to the Mg-based alloy. It is preferably that this M2 is Co 
or Mn, or both of Co and Mn. More preferable range of V is 0.1 ^xS 0.8. 

The reason for limiting the range of (z) is as follows. Namely, if the value of (z) is less than 3.0, the hydrogen inside 
the alloy is highly stabilized, thus minimizing the desorption of hydrogen from the alloy. On the other hand, if the value 

45 of (z) exceeds over 3.8, the hydrogen site in the alloy would be reduced, thus possibly decreasing the quantity of 
hydrogen absorption. A more preferable range of the (z) is 3.0 ^ z ^ 3.6. 

This third hydrogen-absorbing alloy may contain an element such as C, N, O or F as an impurity as far as the 
content of such an element is within a range which does not hinder the property of the alloy However, it is preferable 
that the content of these impurities should be not more than 1 wt% respectively 

50 This third hydrogen-absorbing alloy can be manufactured by means of a casting or sintering method as explained 

above. 

The alloy ingot thus obtained is then preferably heat-treaied in the same manner as explained with reference to 
the aforementioned first hydrogen -absorbing alloy. 

55 (D) A fourth, hydrogen-absorbing ai!oy 

This hydrogen-absorbing alloy contains an alloy ingot manufactured by means of a casting or sintering method or 



EP 0 892 451 A2 

fo™?(4>; UlV8riZed Pr ° dUCt °' me a " 0y in90t - a "° y in90t h3S 3 com P° sition "Presented by the to.lowing general 

M 9i.aRl a (Ni,.*M3 x ) 2 (4) 

wherein R1 is at least one element selected from rare earth elements (including Y); M3 is at least one element 
se acted from the group cons^ng of Co. Mn. Fe. Al. Ga. Zn. Sn, Cu, Si and B; and a. x and z are respectively a numbe 
satisfying conditions: 0.65 ;S as 0.8, 0<xs 0.6. and3§z<: 3 8 e.yanumDer 

the SSZZSXJZZ element R1 in the 9eneral ,ormu ' a (4) may be the same as explained wi,h ref — - 

The reason for limiting the range of "a" is as follows. Namely, if the value of V is less than 0.65, the crystal structure 
of he alloy may be altered, so that the quantity of hydrogen absorption may be decreased On the other hand if Z 
value of 'a- exceeds over 0.8 it may become difficult to improve the hydrogen desorption property^ the a.ioy 

't s Posstble to improve the hydrogen absorption/desorption properly such as the hydrogen aSorption/desorption 
rate of the alloy by selecting at least one kind of element selected from the group consisting of Co Mn Fe Al Ga^ Zn 
Sn. Co. S, and B as the element M3 in the general formula (4). This may be attributed t the , facUh'at the MSfe™ 
element which is incapable of thermally reacting with hydrogen, i.e. an element which is aSy capabS o spon tane 
ously produang , a hydnde, so that the hydrogen absorption and desorption of the hydrogen-absoroinq a Nov in be" 
faceted by subst.tut.ng the M3 for a portion of Ni. Further, a metal oxide-hydrogen sec^ batten^ comon^ino « 
ne ^r ele f^ erontainin9thiSalloyenab,es,hechar 9 e/dis ^rge cyclep^e^lheiSl^J^S^ 

When the value of (x) exceeds over 0.6, the discharoe caoaeitv of amlt^i LZ \1 - oe rem arkably imp roved. 

. . ^ * ^ tt^;zzs2rssz%z sn 



not less than 3Jhe hyaogen a^lion/Oesowion p,^ sucB J , he ^ S m. 

that the content of these impurities should be not more than 1 wt% respectively preferable 
^This fourth hydrogen-absorbing altoy can be manufactured by means ofacasting or sintering method as explained 

,e h ™b^X b " heat ' ,rea,ed in * e same manner as expbined wfth — to 



(E) A fifth hydrogen-absorbing alloy 



This hydrogen-absorbing alloy contains an alloy ingot manufactured by means of a castinn or «int ari n„ ,„ , 



MSva-bRlaTUC^il.x^xJz 



(5) 



se.ecteSZ S ^ 7^17^1 T1 * " ^ ™ *"«« 

of Co. Mn. Fe, Al. Ga. Zn. Sn, Cu Si and Jand a b x and ' ' selec,e <» <rom the group consisting 

a < 0.6, 0 < b S 0.3, 0.65 < (a+b) S 0 8, 0 < )<!S 0 6 \nd 3 ' z V 3 8 ' 8 C ° nd ' i0nS: ° 65 § 

the e,emen, R1 " ^ ^ f ° rmUla (5> ^ 69 ™ 38 W « h «- to 

The reason for limiting the range of "a" is as follows. Namely if the value of ic locc th*„ o « .u 
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It is possible to improve the property of the alloy such as the hydrogen absorption/desorption rate without greatly 
decreasing the hydrogen absorption quantity of the alloy by selecting at least one kind of element selected from the 
group consisting of Ca, Ti, Zr and Hf as the T1. At the same time, the pulverization of the alloy resulting from the 
absorption and desorption of hydrogen can be suppressed. 

s When the value of (b) exceeds over 0.3, the aforementioned effects, i.e. the improvement of desorption property 

and the suppression of pulverization cannot be realized, thus deteriorating the discharge capacity and charge/discharge 
cycle life of the secondary battery. There is a tendency that the smaller the value of (b) is, the longer would be the 
charge/discharge cycle life. In view of ensuring a long cycle life, the value of (b) should preferably be 0.2 or less. 
The reason for limiting the total (a+b) of the (a) and (b) to the aforementioned range is as follows. Namely, if the 

io total (a+b) is not more than 0.65, the crystal structure of the alloy may be altered, so that the quantity of hydrogen 
absorption may be decreased. On the other hand, if the total (a+b) exceeds over 0.8, it may become difficult to improve 
the hydrogen desorption property of the alloy. 

It is possible to improve the hydrogen absorption/desorption property such as the hydrogen absorption/desorption 
rate of the alloy by selecting at least one kind of element selected from the group consisting of Co, Mn, Fe, Al, Ga, Zn, 

ts Sn, Cu, Si and B as the element M3. This may be attributed to the fact that the M3 is an element which is incapable 
of thermally reacting with hydrogen, i.e. an element which is hardly capable of spontaneously producing a hydride, so 
that the hydrogen absorption and desorption of the hydrogen-absorbing alloy can be facilitated by substituting the M3 
for a portion of Ni. Further, a metal oxide-hydrogen secondary battery comprising a negative electrode containing this 
alloy enables the charge/discharge cycle property thereof to be remarkably improved. 

20 When the value of (x) exceeds over 0.6, the discharge capacity of a metal oxide-hydrogen secondary battery 

comprising a negative electrode containing this alloy would be lowered. A more preferable range of the (x) is 0.01 < 
x ^ 0.5. 

The reason for limiting the range of (z) is as follows. Namely, if the value of (z) is less than 3.0, the hydrogen inside 
the alloy is highly stabilized, thus minimizing the desorption of hydrogen from the alloy. When the value of (z) is made 

25 not less than 3, the hydrogen absorption/desorption property such as the hydrogen absorption/desorption rate of the 
alloy can be sufficiently improved, thus making it possible to realize a metal oxide-hydrogen secondary battery improved 
in discharge capacity and in charge/discharge cycle property. However, if the value of (z) exceeds over 3.8, the hydrogen 
site in the alloy would be reduced, thus possibly decreasing the quantity of hydrogen absorption. A more preferable 
range of the (z) is 3.0 ^ z ^ 3.6. 

30 This fifth hydrogen-absorbing alloy may contain an element such as C, N, O or F as an impurity as far as the 

content of such an element is within a range which does not hinder the property of the alloy. However, it is preferable 
that the content of these impurities should be not more than 1 wt% respectively 

This fifth hydrogen-absorbing alloy can be manufactured by means of a casting or sintering method as explained 
above. 

35 The alloy ingot thus obtained is then preferably heat-treated in the same manner as explained with reference to 

the aforementioned first hydrogen-absorbing alloy. 

(F) A sixth hydrogen-absorbing alloy 

40 This hydrogen-absorbing alloy contains an alloy ingot manufactured by means of a casting or sintering method or 

contains a pulverized product of the alloy ingot. The alloy ingot has a composition represented by the following general 
formula (6); 



« Mg a R1 1 ^(Ni 1 . x ^Co x M4 y ) 2 (6) 

wherein R1 is at least one element selected from rare earth elements (including Y); M4 is at least one element 
selected from the group consisting of Mn, Fe, V, Cr, Nb, Al, Ga, Zn, Sn, Cu, Si, P and B; and a, x, y and z are respectively 
a number satisfying conditions: 0.2 ^ a % 0.35, 0 < x ^ 0.5, 0 ^ y ^ 0.2, and 3 ^ z g 3.8. 

50 Specific examples of the element R1 in the general formula (6) may be the same as explained with reference to 

the aforementioned first alloy. 

The reason for limiting the range of (a) is as follows. Namely, if the value of (a) is less than 0.2, it may become 
difficult to improve the hydrogen desorption property of the alloy. On the other hand, if the value of (a) exceeds over 
0.35, the crystal structure of the alloy may be altered, so that the quantity of hydrogen absorption may be decreased. 

55 When the quantity of Co is limited to the aforementioned range, the reversibility in the absorption-desorption of 

hydrogen can be improved, thus extremely improving the charge/discharge cycle property of a secondary battery 
Further; this alloy is small in plateau slope, and moreover, is capable of minimizing the hysteresis and improving the 
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state hydrogen absorption property thereof. However, if the quantity of Co (x) is more than 0.5. it may lead to a lowering 
in quantrty of hydrogen absorption, and at the same time, the oxidation and reduction reaclion of Co would be caused 
o generate .f a secondary battery is fabricated using a negative electrode containing this alloy, thus making it oS 
(o expect a large d IS charge capacity. A more preferably range of the quantity of Co (x) is 0 03 J x L o 35 

It is possible to .mprove the hydrogen absorptiorvbesorption property of the alloy such as ^hydrogen absorption/ 
desorption rate by seleottng at leas, one kind of element selected from the group consisting of Mn, Fe J Cr Tb aT 

£ n Tk k 3S ^ ™ S ^ 66 at,nbUted t0 *° ,ac,s that ,he °' hydrogen penetrated 

XTSIEL'! T " K, 6 ab t° rp,IOn/de f 01 can be ' acilite <*« by the substituting the M4 to £ on 
of Ni. Further, it s poss,ble. when a metal oxide-hydrogen secondary battery is fabricated using a negative eleSe 
containing this alloy, to prominently improve the charge/discharge cycle property of the battery 

If the value of (y) is more than 0.2, it will lead to a deterioration of discharge capacity in a metal oxide-hud.™™ 

s ST s a y7oT is ,abricated usin9 3 ne9a,h,e elec,rode containins 1hi * a,loy ^^S^SZ 

The reason for limiting the range of (z) is as follows. Namely, if the value of (z) is less than 3 0 th« hwHmn.n „ 

I2£„!T V ?° 9en abs °'P ,,on/desor P«°n property such as the hydrogen absorption/desorption rate ^e 
alloy can besuff.cently.mproved.thus making » possible to realize a metal oxide-hydrogen secondary ba^ 
ind.scharge capacity and in charge/discharge cycle property. However, if the value oT( 2 ) exceedTo7 e 7 3 T Z 

^^^^^ 

contenfo^^^ 

that the content of these impurities shoukJ be not more than 1 wS rS ' P 6rab ' e 

above™ SKth hydr ° 9en - abS0rbin 9 ** ca " be manufactured by means of a casting or sintering method as explained 

,h* InlT^Vr^ K 0b I ained iS ,he " Pr6,erably hea, - t ' ea ">° in the same manner as explained with reference ,o 
the aforementioned first hydrogen-absorbing alloy. H in re,eren ce to 

(G) A seventh hydrogen-absorbing alloy 

This hydrogen-absorbing alloy contains an alloy ingot manufactured by means of a castino or sinterina m^th^ „, 

f rr ( r ven ^ pr ^ o,saida,teyi ^ 



M 9aR1,- a -bT2 b (Ni 1 . x . y Co x M4 y ) 2 



(7) 



wherein R1 is at least one element selected from rare earth elements fincludino Yv to i<= =»t i oa . 
FUither, ftk alloy I, anal In plaleau slop., M LomlSSZ12 ST? """""V M «"V 
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in quantity of hydrogen absorption, and at the same time, the oxidation and reduction reaction of Co would be caused 
to generate if a secondary battery is fabricated using a negative electrode containing this alloy, thus making it difficult 
to expect a large discharge capacity. A more preferably range of the quantity of Co (x) is 0.03 gx^ 0.35. 

It is possible to improve the hydrogen absorption/desorption property of the alloy such as the hydrogen absorption/ 

5 desorption rate by limiting the range of (y). This may be attributed to the facts that the diffusion of hydrogen penetrated 
into the alloy as well as the absorption/desorption of hydrogen can be facilitated by the substituting the M4 for a portion 
of Ni. Further, it is possible, when a metal oxide-hydrogen secondary battery is fabricated using a negative electrode 
containing this alloy, to prominently improve the charge/discharge cycle property of the battery. 

If the value of (y) is more than 0.2, it will lead to a deterioration of discharge capacity in a metal oxide-nydrogen 

io secondary battery which is fabricated using a negative electrode containing this alloy A more preferable range of the 
(y) is 0.01 ^y^O.15. 

The reason for limiting the range of (z) is as follows. Namely, if the value of (z) is less than 3.0, the hydrogen inside 
the alloy is highly stabilized, thus minimizing the desorption of hydrogen from the alloy. When the value of (z) is made 
not less than 3, the hydrogen absorption/desorption property such as the hydrogen absorption/desorption rate of the 
15 alloy can be sufficiently improved, thus making it possible to realize a metal oxide-hydrogen secondary battery improved 
in discharge capacity and in charge/discharge cycle property. However, if the value of (z) exceeds over 3.8, the hydrogen 
site in the alloy would be reduced, thus possibly decreasing the quantity of hydrogen absorption. A more preferable 
range of the (z) is 3.0 ^ z ^ 3.6. 

This seventh hydrogen-absorbing alloy may contain an element such as C, N. O or F as an impurity as far as the 
20 content of such an element is within a range which does not hinder the property of the alloy However, it is preferable 
that the content of these impurities should be not more than 1 wt% respectively. 

This seventh hydrogen-absorbing alloy can be manufactured by means of a casting or sintering method as ex- 
plained above. 

The alloy ingot thus obtained is then preferably heat-treated in the same manner as explained with reference to 
25 the aforementioned first hydrogen -absorbing alloy. 

(H) A eighth hydrogen-absorbing alloy 

This hydrogen-absorbing alloy contains an alloy ingot manufactured by means of a casting or sintering method or 
30 contains a pulverized product of the alloy ingot. The alloy ingot has a composition represented by the following general 
formula (8); 

Mg a (La l . b R1 b ) l . a Ni 2 (8) 

35 

wherein R1 is at least one element selected from rare earth elements (including Y) but is not La; and a, b and z 
are respectively a number satisfying conditions: 0.2 ^ a ^ 0.35, 0.01 ^ b < 0.5, and 3 ^ z ^ 3.8. 

Specific examples of the element R1 in the general formula (8) may be the same as explained with reference to 
the aforementioned first alloy 

40 The reason for limiting the range of (a) is as follows. Namely, if the value of (a) is less than 0.2, it may become 

difficult to improve the hydrogen desorption property of the alloy On the other hand, if the value of (a) exceeds over 
0.35, the crystal structure of the alloy may be altered, so that the quantity of hydrogen absorption may be decreased. 

The reason for limiting the range of (b) is as follows. Namely, if the value of (b) is less than 0.01 , it may become 
difficult to enhance the hydrogen equilibrium pressure of the alloy and the working voltage of the secondary battery. 

45 Although it is possible to enhance the hydrogen equilibrium pressure of the alloy by increasing the value of (b), the 
quantity of hydrogen absorption may be decreased if the value of the (b) becomes 0.5 or more. 

The reason for limiting the range of (z) is as follows. Namely, if the value of (z) is less than 3, the hydrogen that 
has been adsorbed becomes very stable, thus making it difficult to desorb the hydrogen. Therefore, a secondary battery 
comprising a negative electrode containing this alloy would be deteriorated in its discharge capacity. On the ether hand, 

50 if the value of (z) exceeds over 3.8, the site for allowing hydrogen to enter therein in the hydrogen-absorbing alloy may 
bs decreased. A more preferable range of the (z) is therefore 3.0 5z< 3.6. 

This alloy should desirably be less than 700 (kgf/mm 2 ) in Vickers hardness (Hv). Because, if the Vtckers hardness 
(Hv) of the alloy is 700 or more, the charge/discharge cycle life of a secondary battery comprising a negative electrode 
containing this alloy would prominently deteriorated. This may be attributed to the facts that, if the Vickers hardness 

55 (Hv) of a hydrogen-absorbing alloy is 700 or more, the fracture toughness (K, c ) thereof becomes smaller, thus making 
it briitie, sc that the crack of the alloy is accelerated by the absorption and desorption of hydrogen, and hence the 
cuirent-colleciing efficiency of the negative electrode would be deteriorated. Therefore, a preferable range of Vickers 
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hardness (Hv) of the alloy is less than 650 (kgf/mm 2 ), more preferably less than 600 (kgf/mm 2 ). 

This eighth hydrogen -absorbing alloy may contain an element such as C, N, O or F as an impurity as far as the 
content of such an element is within a range which does not hinder the property of the alloy However, it is preferable 
that the content of these impurities should be not more than 1 wt% respectively. 

This eighth hydrogen-absorbing alloy can be manufactured by means of a casting or sintering method as explained 
above. 

The alloy ingot thus obtained is then preferably heat-treated in the same manner as explained with reference to 
the aforementioned first hydrogen-absorbing alloy. 

(I) A ninth hydrogen-absorbing alloy 

This hydrogen-absorbing alloy contains an alloy ingot manufactured by means of a casting or sintering method or 
contains a pulverized product of the alloy ingot. The alloy ingot has a composition represented by the following general 
formula (9); yy 



M 9 a (^l4>R1b)va(^-x M 3x)z 



(9) 



wherein R1 is at least one element selected from rare earth elements (including Y) but is not La- M3 is at least 
one element selected from the group consisting of Co, Mn, Fe, Al, Ga, Zn, Sn. Cu, Si and B' and a b x and z are 
respectively a number satisfying conditions: 0.2 m a ^ 0.35, 0.01 £ b < 0.5, 0 1 s x S 0 6 and 3 s z S 3 8 

Specific examples of the element R1 in the general formula (8) may be the same as explained with reference to 
the aforementioned first alloy. 

The reason for limiting the range of (a) is as follows. Namely, if the value of (a) is less than 0.2, it may become 
difficult to improve the hydrogen desorption property of the alloy. On the other hand, if the value of (a) exceeds over 
0.35 the crystal structure of the alloy may be altered, so that the quantity of hydrogen absorption may be decreased 

The reason for limiting the value (b) in this alloy to the aforementioned range is as follows. Namely, if the value of 
(b is less than 0.01 , it may become difficult to enhance the hydrogen equilibrium pressure of the alloy and the working 
voltage of the secondary r battery. Although it is possible to enhance the hydrogen equilibrium pressure of the altoy by 
increasing the value of (b), the quantity of hydrogen absorption may be decreased if the value of the (b) becomes 0 5 
or more. 

When the value of (x) in the alloy is confined to the aforementioned range, the absorption and desorption of hy- 
drogen can be facilitated, thus making it possible to improve the discharge capacity of the secondary battery At the 
same ,me, the corrosion resistance of the alloy would be enhanced, thus improving the charge/discharge cycle life 
thereof. A more preferable range of the (x) is 0. 1 s x § 0.5. se/a.scnarge cycle life 

of , J^/ 83 ^" f °o Va ' Ue ° f (2) in thS a " 0y ,C * e ^mentioned range is as follows. Namely, if the value 

M ™en VT< • " T n y ^ b9en adS ° rbed beC0m6S Very Stab,e ' *» ™ ki "9 ■ « to deso* he 
hydrogea Therefore, a secondary battery comprising a negalive electrode containing this alloy would be deteriorated 
n ,«s d.sc harge capacrty. On the other hand, if the value of (z) exceeds over 3.8. the site for allowing hydroge to enter 
therein the hydrogen-abso^ng alloy rnay be decreased. A more preferable range of th 

u h . alloy should desirably be less than 700 (kgf/mm^) in Vickers hardness (Hv) for the same reasons as explained 
w h re erence to the aforementioned eighth alloy. Therefore, a preferable range of Vickers hardness (Hv) of meTlov 
is less than 650 (kgf/mm2), more preferably less than 600 (kgf/mm2). V 
This ninth hydrogen-absorbing alloy may contain an element such as C. N, O or F as an impurity as far as the 
content of such an element is within a range which does not hinder the property of the alloy Howeve ft? omferar^ 
that the content of these impurities should be not more than 1 wt% respectively preferable 

above™ "'"^ hydr ° 9Bn - abSOfbin9 all °y can be manufactured by means of a casting or sintering method as explained 

The alloy ingot thus obtained is then preferably heat-treated in the same manner as explained with reference to 
the aforementioned first hydrogen-absorbing alloy. H reierence to 

(K) A tenth hydrogen-absorbing alloy 

form^oof hydr ° 9en - abSOrbin 9 ■** con,ains an ■** having a composition represented by the following general 
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Mg a R2 1 . a . b T1 b (Ni 1 . x M3 x ) 2 (10) 

wherein R2 is two or more kinds of element selected from rare earth elements (including Y), the content ol Ce 
s constituting said R2 being less than 20% by weight; T1 is at least one element selected from the group consisting of 
Ca, Ti, Zr and Hf; M3 is at least one element selected from the group consisting of Mn, Fe, Co, Al, Ga, Zn, Sn, Cu, Si 
and B; and a, b, x and z are respectively a number satisfying conditions: 0 < a ^ 0.5, Ogbg 0.3, 0 ^ x =£ 0.9, and 
3 ^» Z < 4. 

~ The reason for limiting the value of (a) to the aforementioned range is as follows. Namely, if the value of (a) exceeds 
io over 0 5 the crystal structure of the alloy may be altered, so that the quantity of hydrogen absorption may be decreased. 
Therefore, a secondary battery comprising a negative electrode containing this alloy would be deteriorated in its dis- 
charge capacity. A more preferable range of the (a) is 0.1 ^ a ^ 0.4, most preferably in the range of 0.2Sa< 0.35. 

The corrosion resistance of the alloy may be improved by the inclusion of Ce in the alloy. However, if the content 
of Ce in the R2 is 20 wt% or more, the high temperature property of the alloy may be deteriorated due to the presence 
is m large quantity of a phase having a different crystal structure other than the aimed crystal structure. Furthermore, a 
secondary battery comprising a negative electrode containing this alloy may be deteriorated in its charge/discharge 
property under a high temperature environment. There is a tendency that the high temperature property of the alloy 
and the charge/discharge property of the secondary battery in a high temperature condition can be improved by de- 
creasing the content of Ce in the R2. A more preferable range of Ce content in R2 is less than 18 wt%, most preferably 
20 less than 16 wt%. 

It is preferable that the aforementioned R2 contains La. However, if the R2 is constituted exclusively by La, the 
corrosion resistance of the alloy may be deteriorated thereby lowering the charge/discharge cycle life of the secondary 
battery though the discharge capacity of the secondary battery may be improved. Preferably, the content of La in the 
R2 should be more than 70 wt%. When the content of La is controlled within the aforementioned range in an R2 where 
25 the content of Ce is less than 20 wt%, the discharge capacity of the battery can be improved without deteriorating the 
corrosion resistance of the hydrogen-absorbing alloy. 

It is preferable in view of lowering the manufacturing cost of a hydrogen-absorbing alloy and of hydrogen-absorbing 
electrode that the R2 is constituted by La, Ce, Pr and Nd. 

The T1 functions to suppress the progress of pulverization of hydrogen-absorbing alloy without excessively low- 
30 ering the discharge capacity of the secondary battery. Preferably, the T1 should be Ca and Zr. 

The reason for limiting the range of (b) is as follows. Namely, if the value of (b) is more than 0.3, the discharge 
capacity of the secondary battery may be lowered and at the same time, the effect of suppressing the putverization 
may be weakened. A more preferable range of the (b) is 0 ^ b ^ 0.2, most preferably 0 % b ^ 0.1 . 

Although the M3 is at least one element selected from the group consisting of Mn, Fe, Co, Al, Ga, Zn, Sn, Cu, Si 
35 and B, it is more preferable that the M3 is selected from Mn, Co and Al. When the value of (x) is limited to the afore- 
mentioned range, the hydrogen absorption-desorption rate of hydrogen-absorbing alloy can be improved, and at the 
same time, the discharge capacity of the battery can be improved since the absorption-desorption of hydrogen can be 
facilitated. Additionally, due to an improvement of the corrosion resistance of the hydrogen-absorbing alloy, the charge/ 
discharge cycle property of the battery can be improved. A more preferable range of the (x) is 0.01 ^xg 0.6, most 
40 preferably 0.01 < x S 0.5. 

The reason for limiting the value of (z) in the alloy to the aforementioned range is as follows. Namely, if the value 
of (z) is less than 3, the hydrogen that has been adsorbed becomes very stable, thus making it difficult to desorb the 
hydrogen. Therefore, a secondary battery comprising a negative electrode containing this alloy would be deteriorated 
in its discharge capacity. On the other hand, if the value of (z) exceeds over 4, the site for allowing hydrogen to enter 
45 therein in the hydrogen-absorbing alloy may be decreased. A more preferable range of the (z) is therefore in the range 
of 3.0 % z ^ 3.8, most preferably 3.0 ^ z ^ 3.6. 

This tenth hydrogen-absorbing alloy may contain an element such as C, N, O or F as an impurity as far as the 
content of such an element is within a range which does not hinder the property of the alloy. However, it is preferable 
that the content of these impurities should be not more than 1 wt% respectively. 
50 This tenth hydrogen-absorbing alloy can be manufactured by means of a casting method, a sintering method, a 

melt-quenching method such as a single roll method or a double roll method, an ultra-quenching method such as a 
gas-atomizing method. The alloy thus obtained is then preferably heat-treated in the same manner as explained with 
reference to the aforementioned first hydrogen-absorbing alloy. 

The reason for enabling a secondary battery having an excellent charge/discharge property to be obtained even 
55 if this tenth hydrogen-absorbing alloy is manufactured by means of the aforementioned melt-quenching method oi 
ultra-quenching method can be assumedly attributed to the fact that the tenth hydrogen-absorbing alloy manufactured 
by means of the aforementioned melt-quenching method or ultra-quenching method is minimal in plane defect. 
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(L) A eleventh hydrogen-absorbing alloy 

era, £lt <nj; ^^s^ ** ^ains an a.,oy having a composhion represented by the foilowing gen- 



) 



e^rr™ ~s zrr, ei r n,s (inc,udins y,; ti is at ^ « 

consisting of Mn. Fe, A,, Ga 2n Sn Cu Si b' a' b x v a ^ , T ele^len, Se ' eCted ,r ° m ,he ^ 

< a £ 0.5. 0 S b S 0.3. 0 £ x S 0.9. 0 < y S 0 4 ^ anT 3 < <X ^ ??" ■ alWy,nB C ° ndi,ions: 0 
-ess than m% by weigh, where m is repr sen.ed b^e^o" n ^ C ° nSti,U,in9 R3 ^ 



m=125y + 20 



wherein y is a quantity of Co in the aforementioned general formula (11) 

may be decreased. Therefore a second bll Z. * • 8 ° ^ ,he qUan,ity of "^en absorption 

^ra^ 

of 0.2 g a s 0.35. y 1 ' lsulSa ^ 0 - 4 « m ost preferably in the range 

fcrm^VZ^ 

experiments that there is corrLioS beSern^ 

ically. the corrosion resistance of the hyd^en^Tg ^To^ZTZ ? ^T^ 0 *" 9 •** Specif- 
by the inclusion of Ce in the alloy. However if tt^^^ST^^.^^^ La) ma * be im P rov <* 
crystal structure other than the afcned Zs^Tuc^X^ll u ' S ,nCreaSed • 3 Ph3Se havin 9 a difle ^n, 
generation of a phase having a different c^rsta TS^JS^J^T^ * han °° te ad - ded ,0 ,his all °* the 
Accordingly, it is possible, by suitably chanoino ftTS Z^, ^ * StrUC,ure can be suppressed 

obtain a hjdrogen-absorbing ^^K^ed ^ " f^™* "* ,he C ° COntent if1 ,he all °* to 
structure. More specific^, as shLIn RG "ZnlTc 'T*** * ^ 
value calculated from the aforementioned formu aTm - lSvT 2 0 Z £12? ? T* T' * ° f tafBer than ,tle 
a..oy would become different from the aimed crysta 7 Tu^urfso ,fat fhe SJtST !" ^^"^ing 
as^lasthecharg.dischargepropertyofthe^ 

aifoy. and to improve, in parties £!S££ZX^^ J ,he ^»*^ 

property of the secondary battery in a WlempLTun l^^T °' a "° y 38 We " 35 me ^arge/discharge 
It is preferable that the aforementioned R3 further contains 1 » it ><? m . ,, 
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The reason for limiting the Co content (y) in the alloy to the aforementioned range is as follows. Namely, if the Co 
content (y) is more than 0.4, the quantity of hydrogen absorption of the alloy may be lowered, so that the discharge 
capacity of the secondary battery may be lowered. This may be attributed to the fact that as the Co content (y) is 
increased, the tolerance in Ce content in the R3, which is calculated from the aforementioned formula (I), becomes 
5 hiqher A more preferable quantity of the Co content (y) is in the range of 0 < y < 0.35. 

By limiting the value of (x+y) of this alloy to the aforementioned range, the charge/discharge cycle life of the battery 
can be improved. A more preferable range of the (x+y) is 0 < x+y £ 0.6. 

The reason for limiting the value of (2) in the alloy to the aforementioned range is as follows. Namely, if the value 
of (z) is less than 3 the hydrogen that has been adsorbed becomes very stable, thus making it difficult to desorb the 
10 hydrogen Therefore, a secondary battery comprising a negative electrode containing this alloy would be deteriorated 
in its discharge capacity. On the other hand, if the value of (z) exceeds over 4, the site for allowing hydrogen to enter 
therein in the hydrogen-absorbing alloy may be decreased. A more preferable range of the (z) is therefore in the range 
of 3 0 ^ z ^ 3.8, most preferably 3.0 ^ z S 3.6. 

This eleventh hydrogen-absorbing alloy may contain an element such as C, N, O or F as an impurity as far as the 
is content of such an element is within a range which does not hinder the property of the alloy. However, it is preferable 
that the content of these impurities should be not more than 1 wt% respectively. 

This eleventh hydrogen-absorbing alloy can be manufactured by means of a casting method, a sintering method, 
a melt-quenching method such as a single roll method or a double roll method, an ultra-quenching method such as a 
gas-atomizing method. The alloy thus obtained is then preferably heat-treated in the same manner as explained with 
20 reference to the aforementioned first hydrogen-absorbing alloy. 

The reason for enabling a secondary battery having an excellent charge/discharge property to be obtained even 
if this eleventh hydrogen-absorbing alloy is manufactured by means of the aforementioned melt-quenching method or 
ultra-quenching method can be assumedly attributed to the fact that the eleventh hydrogen -absorbing alloy manufac- 
tured by means of the aforementioned melt-quenching method or ultra-quenching method is minimal in plane defect. 



25 



35 



40 



(M) A twelfth hydrogen-absorbing alloy 



This twelfth hydrogen-absorbing alloy contains an alloy represented by the following general formula (12). The 
alloy contains as a principal phase a crystal phase having a composition where the a and z in the general formula (12) 
30 meet the folbwing formula (ll), and has a plane defect in the principal phase which is not more than 20 in number per 
100nm. 

M9a R1 l-a.bT1b(Nii. x M6 x ) 2 02) 



wherein R1 is at least one element selected from rare earth elements (including Y); T1 is at least one element 
selected from the group consisting of Ca. Ti, Zr and Hf ; M6 is at least one element selected from the group consisting 
of Co, Mn, Fe, Al, Ga, Zn, Sn, Cu, Si, B, Nb, W, Mo, V, Cr, Ta, P and S; and a, b, x and z are respectively a number 
satisfying conditions: 0.2 ^ a ^ 0.35, 0 ^ b ss 0.3, 0 < x % 0.6, and 3 S z % 3.8. 

z=-6xa + 8 (II) 



wherein 5 is 5 ±0.2. 

45 The term 'principal phase" noted above denotes a crystal phase in the alloy which is highest in existing ratio. 

The 6 is desirably 5 and should fall within a range of between 4.8 and 5.2. 

The component analysis of each crystal phase of the alloy can be performed using an EDX analyzer (Energy 
Dispersive X-ray Spectrometer) of transmission electron microscope and setting the diameter of the beam to 4 nm. 
The plane defect in crystal phase of alloy is a linear defect which can be observed by taking a picture of the transmission 
50 electron microscopic image of crystal grains constituting the crystal phase. The measurement of the plane defect in 
crystal phase of alloy can be performed by the following method (a) or (b). 

(a) A picture of transmission electron microscopic image of crystal grains, magnified by 10,000 to 100,000 times, 
is taken using a transmission electron microscope, and the number of plane defect per unit length is counted. 
55 (b) Through an observation of (1,0,0) plane of the crystal grain of the alloy, the number of plane defect existing 

perpendicular to the C-axis of the crystal grain is counted. 
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An alloy conta.n.ng, as a principal phase, a crystal phase where values of "a" and 'V in the General formula n m 
do not meet the aforementioned formula (II, te poor in hydrogen absorptai/desorptto ^cnaLter£ ^JZSnto 
hmiting the number of plane defect in the principal phase of the hydrogen*bsorbing altoy toThe ^torememfone?lS 
If as 1ono l S - ?T* " th9 nUmber °' the plane defect in * e P"4a. phase exceeds 2^21 

b ™ dir" 1° 'T° Ve hyd :° 9en deS ° rpli0n Pr ° perty and the «** ^eristics a' oy so £ Z 
become difficult to real.ze a secondary battery having a large discharge capacity and exhibiting an excellent chaS 

it would become possible to further .mprove the hydrogen absorption^esorption characteristic of the altov anH in ,? 
jcular the cycle characteristic of the alloy, and hence it is possible^ realize a Zal o^^TJ^h J!" 
having an unproved discharge capacity and an improved charge/discharge cycle life * ^ 

the rSwT* R1 ^ *" 9enefal ,0fmUla ° 2) ^ S3me " eXptein6d With '° 

It is possible, by substituting T1 for a portion of the Rl . to improve the property of the alloy such as the hvrim™ 
desorpt.cn rate wrthout greatfy decreasing the hydrogen absorption qu anSty o»7h aHoy and at 
suppress the pufcenzat.on of the alloy resulting from the absomtion and desorption of hyLgen ' 

ondary battery. There isatendency that the smaller the va^u^ 

become, .n view of ensuring a long cycle life therefore, the ^(o^ * M 

anegat^e electrode containingthisallo; to pr^ 

^o%r^p^ 

contirS^ 

.hat the content of these impurities T^ZTy * ^ ** " " Pr6,erab,e 

Th.s twelfth hydrogen-absorbing alloy can be manufactured by means of a castinn m^thnw o „• . • 
melt-quenching method such as a single roll method or a dnuhi« ™?h°l ? 9 " S ' n ' enn9 method - a 

gas-atomizing method. The a..oy thus ^ < ' MnCh ' n9 SUCh 35 a 

reference to the aforementioned first hydrogen-absorbinTitoy " 8 ^ mannef 38 6Xplained with 

in the R1 is 20 wt% ir more, fhe numbed ^S^StS^S^ *" 2 ° °' Ce ' " the con1ent of Ce 
alloy composition which can be manufactured Tymel^Z^Zu 9 1 ° Vef 20 per 100 nm The 

i.e. the allowable range of Ce content h^J^t^S!Zf^ ^ " ul,ra ^ uenc ^"9 method, 
element to be included in the Ni site For examole 2^rZ ?7l 9 ™ ^ of diluting 

acceptable limit of Ce content in the RUs l^bet^ ££tZ2 T* 8 ,he Ni site " the 

Co content (x) is 0.2. the Ce content in the EE c^ be less tSan ?JS ^ " C ° C ° n,ent Speci,ica "» *«" th * 



(N) A thirteenth hydrogen -absorbing alloy 



Thea^r^ ~- bV - ,0,, °^ ^era, formula (13, 

(13) meet the folbwingtormu^ I , and Z e ZCT f Z h ^ 9eneral ,0 ™ la 

defect of not more than 20 in number per 100 nm ™ bV V °' Ume ° f * W Qrain havin 9 * P'ane 



^aRlv^TIJNi^^MS,^ (13) 



wherein R1 is at least one element selected from rare earth elements (including Y); T1 is at 



least one element 
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selected from the group consisting of Ca, Ti, Zr and Hf; M6 is at least one element selected from the group consisting 
of Co, Mn, Fe, Al, Ga, Zn. Sn. Cu, Si, B, Nb, W, Mo, V, Cr, Ta, P and S; and a, b, x and z are respectively a number 
satisfying conditions: 0.2 ^ a S 0.35, 0 =s b % 0.3, 0 < x £ 0.6. and 3 si z S 3.6. 

5 z = -6xa+5 (») 

wherein 5 is 5 ±0.2. • . *• 

The term 'principal phase "noted above denotes a crystal phase in the alloy which is highest in existing ratio. 
io The 8 is desirably 5 and should fall within a range of between 4.8 and 5.2. 

The component analysis of each crystal phase of the alloy and the plane defect in the crystal grain can be performed 
in the same manner as explained with reference to the aforementioned twelfth hydrogen-absorbing alloy. 

An alloy containing, as a principal phase, a crystal phase where values of "a" and "z" in the general formula (1 3) 
do not meet the aforementioned formula (II) is poor in hydrogen absorption/desorption characteristics. The reason for 
75 limiting the volume ratio of the crystal phase where the plane defect of the crystal grain is not more than 20 in number 
per 100 nm in this hydrogen-absorbing alloy is as follows. Namely, if the ratio of the crystal phase is not more than 70 
wt%, it may become difficult to improve the hydrogen desorption property and the cycle characteristics of the alloy, so 
that it may become difficult to realize a secondary battery having a large discharge capacity and exhibiting an excellent 
charge/discharge cycle life. When the alloy contains more than 70% by volume of a crystal phase where the number 
20 of the plane defect in crystal grain is 10 or less per 100 nm, it would become possible to further improve the hydrogen 
absorption-desorption characteristic of the alloy and to prominently improve the charge/discharge cycle characteristic 
in particular, and hence it is possible to realize a metal oxide-hydrogen secondary battery having an improved discharge 
capacity and an improved charge/discharge cycle life. 

Specific examples of the element R1 in the general formula (1 3) may be the same as explained with reference to 
25 the aforementioned first alloy. When the R1 contains La, the content of La in the R1 should preferably be 50 wt% or more. 

It is possible, by substituting T1 for a portion of the R1 , to improve the property of the alloy such as the hydrogen 
desorption rate without greatly decreasing the hydrogen absorption quantity of the alloy, and at the same time, to 
suppress the pulverization of the alloy resulting from the absorption and desorption of hydrogen. 

However, when the value of (b) exceeds over 0.3, the aforementioned effects, i.e. the improvement of desorption 
30 property and the suppression of pulverization cannot be realized, thus deteriorating the discharge capacity of the sec- 
ondary battery. There is a tendency that the smaller the value of (b) is, the longer the charge/discharge cycle life would 
become. In view of ensuring a long cycle life therefore, the value of (b) should preferably be 0.2 or less. 

It is possible to improve the hydrogen absorption/desorption property of the alloy such as the hydrogen absorption/ 
desorption rate by substituting M6 for a portion of the Ni. This may be attributed to the facts that the diffusion of hydrogen 
35 penetrated into the alloy as well as the absorption/desorption of hydrogen can be facilitated by the substitution of the 
M6 for a portion of the Ni. Further, it is possible, when a metal oxide-hydrogen secondary battery is fabricated using * 
a negative electrode containing this alloy, to prominently improve the charge/discharge cycle life of the battery. 

However, if the value of (x) is more than 0.6, it will lead to a deterioration of discharge capacity in the secondary 
battery, so that the range of (x) should preferably be 0 S x ^ 0.6. A more preferable range of the (x) is 0.01 < y ^ 0.5. 
40 The reason for limiting the range of (a) and the range of (z) in the aforementioned general formula (13) is as 

explained below. If the value of (a) falls outside the range of 0.2 ^ a ^ 0.35 and at the same time, the value of (z) falls 
outside the range of 3 ^ z ^ 3.8, the quantity of crystal grains where the number of the plane defect therein is more 
than 20 per 100 nm may not less than 30% by volume. More preferable ranges of the (z) is 3 ^ z ^ 3.6. 

This thirteenth hydrogen-absorbing alloy may contain an element such as C, N, O or F as an impurity as far as 
45 the content of such an element is within a range which does not hinder the property of the alloy. However, it is preferable 
that the content of these impurities should be not more than 1 wt% respectively. 

This thirteenth hydrogen-absorbing alloy can be manufactured by moans of a casting method, a sintering method, 
a melt-quenching method such as a single roll method or a double roll method, an ultra-quenching method such as a 
gas-atomizing method. The alloy thus obtained is then preferably heat-treated in the same manner as explained with 
so reference lo the aforementioned first hydrogen-absorbing alloy. 

If the hydrogen-absorbing alloy according to this invention is to be manufactured by means of the melt-quenching 
method or the ultra-quenching method, the R1 should preferably contain less than 20 wt% of Ce. If the content of Ce 
in the R1 is 20 wt% or more, the quantity of crystal grains where the number of the plane defeel therein is not more 
than 20 per 1 00 nm may not exceed over 70% by volume. The alloy composition which can be manufactured by means 
55 of thfi melt-quenching method or Ihe ultra-quenching method, i.e. the allowable range of Ce content in the R1 would 
be influenced depending on the kind and quantity of substituting element to be included in the Ni site. For example, 
when Co is included as a substituting element in the Ni site, the acceptable limit of Ce content in the R1 is likely to be 
expended with an increase in Co content. Specifically, when the Co content (x) is 0.2, the Ce content in the R1 can be 
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less than 45 wt%. 

(O) A fourteenth hydrogen-absorbing alloy 



Th.s fourteenth hydrogen-absorbing alloy comprises an alloy represented by the following general formula M * 
The alloy conta.ns as a prmc.pal phase a crystal phase having a composition where the a and I *1Z ZZ . ° 
(14, meet the following form U ,a (..,, and further contains not more man S^ 'oll o f a c£E o a h a ° 
^styp^sta.st^^^ 

M 9a™,. a S\W,. x MS x ) z (14) 
wherein R1 is at least one element selected from rare earth elements fincludina w n ie =t , 

satisfying conditions: 0.2 s a S 0.35.0 * b s 0.3 0 <xs 0 6, and 3 J' 2 S 3 8 ' * ^ 1 3 " Umber 



2 = -6xa + 6 (||) 



wherein 8 is 5 ± 0.2 



The term 'principal phase" noted above denotes a crystal Dhase in the all™, uA^t, itV 

The 6 is desirabty 5 and should fall within a range of between 4 8 and \f* * " h ' 9h9St " eX ' S,,ng ralia 

image and the back sJeredeLuonT^ 

by performing the component analysis o3 pna'e bymakin' use o TeS ?T (SEM) ' a " d then 

Spectrometer) of transmission electron microscC* Sr LZS^^xJ^ ^7* ° iSPerSiVe *"* 
type of each phase can be further confirmed. Performing an X-ray analyse of the alloy, the crystal 

The reason for limiting the quantity of each crystal phase is as explained below Namelv an al.™ ™, a - • 
a pr.nc.pal phase, a crystal phase where values of 'a-andVin the qeneralformu^i^^r .!k V te, " ,n9 ' as 
formula (.1) is poor in hydrogen absorotionAJesorption charatfens^ 

values of "a" and "z" in the general formula (14) meet la lESSS^? ^. M ,^ lns a ct * s ™ P ha ** where the 
absorption quantity | containing more than 20% by vo ,u^ "? 66 P °° f h hydr ° 9en 

On the other hand, it contains a crystal phase where hrvaTues H' and ?V *Z Q « f ^ CfyS,al StfUC,Ure - 
aforementioned formula (II), the alloy win be poor in hvd™« , 9 9ra ' ,0rmUla (14 > meet the 

It is poaafcla. b, s „b s ,llutin 9 Tl to a p2Z olft, m^™"' taH ""«" P'Pto.Plyb.SOt.W.ormora. 
deaorptka, rate without greatly ^J^V^lZ^Zl' 1 T P '° M ' t| ' 01 *" ■*» as lhe "Vroger, 

same time, to 

However, when the value of (b) exceed ove 7c ?3 the TJoZZr f^'™ " hydr ° 96a 
property and the suppression of pu verfeation cannol bi r^LZt^f ^ im P roveme "t of desorption 

a negatrve eiectrode containing this al |<£ S pLtemiv £££ E2S 2E T* 1 ' ^ * ' abriCa,ed usin9 

However, it the value of (x) is more than 0 6 w?i llTt h , char9e/dlscha '9 e ^le life ol the battery, 
battery, so that the range of (x) should E^iESJ 0 6 ItZTS °' f ^ ^ in the 
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the content of such an element is within a range which does not hinder the property of the alloy. However, it is preferable 
that the content of these impurities should be not more than 1 wt% respectively 

This fourteenth hydrogen-absorbing alloy can be manufactured by means of a casting method, a sintering method, 
a melt^uenching method such as a single roll method or a double roll method, an ultra-quenching method such as a 

5 gas-atomizing method. The alloy thus obtained is then preferably heat-treated in the same manner as explained with 
reference to the aforementioned first hydrogen-absorbing alloy. 

If the hydrogen-absorbing alloy according to this invention is to be manufactured by means of the melt-quenching 
method or the ultra-quenching method, the R1 should prelerably contain less than 20 wt%of Ce. Because, if the content 
of Ce in the R1 is 20 wt% or more, either the quantity of the crystal phase having a CaCu 5 type crystal structure in the 

io alloy may become higher than 20% by volume, or the quantity of the crystal phase having a MgCus type crystal structure 
in the alloy may become higher than 10% by volume. 

The alloy composition which can be manufactured by means of the melt-quenching method or the ultra-quenching 
method, i.e. the allowable range of Ce content in the R1 would be influenced depending on the kind and quantity of 
substituting element to be included in the Ni site. For example, when Co is included as a substituting element in the 

is Ni site, the acceptable limit of Ce content in the R1 is likely to be expanded with an increase in Co content. Specifically, 
when the Co content (x) is 0.2, the Ce content in the R1 can be less than 45 wt%. 

This invention will be explained further with reference to FIG. 2 showing a cylindrical metal oxide-hydrogen sec- 
ondary battery embodying a secondary battery of this invention. 

Referring to FIG. 2, a bottomed cylindrical case 1 is accommodated therein with an electrode group 5 which has 

20 been manufactured by stacking a positive electrode 2, a separator 3 and a negative electrode 4, and then by spirally 
winding the stacked body. The negative electrode 4 is disposed at the outermost periphery of the electrode group 5 
so as to electrically contact with the cylindrical case 1. The cylindrical case 1 contains an alkaline electrolyte. A first 
sealing plate 7 formed of a disk having an opening 6 at the center is disposed on the upper opening of the cylindrical 
case 1 . An insulating gasket 8 having a ring-like shape is interposed between the periphery of the first sealing plate 7 

25 and the upper inner wall surface of the opening of the cylindrical case 1. The peripheral fringe portion of the opening 
of the cylindrical case 1 is caulked inward so that the first sealing plate 7 is hermetically fixed via the gasket 8 to 
cylindrical case 1 . The positive electrode lead 9 is connected through its one end to the positive electrode 2 and through 
its other end to the lower surface of the first sealing plate 7. A positive electrode terminal 10 having a hat-like shape 
is mounted over the first sealing plate 7 in such a manner as to cover the opening 6. A rubber safety valve 11 is disposed 

30 in a space surrounded by the first sealing plate 7 and the positive electrode terminal 10 in such^a manner as to seal 
the opening 6. A holding plate 12 formed of an insulating disk having an opening at the center is disposed over the 
positive electrode terminal 10 in such a manner that the projected portion of the positive electrode terminal 10 is pro- 
truded out through the opening of the holding plate 12. An envelope tube 13 is disposed to cover all of the periphery 
of the holding plate 12, the side wall of the cylindrical case 1 and the periphery of the bottom of the cylindrical case 1 . 

35 Next, the details of the positive electrode 2, the negative electrode 4, the separator 3 and the electrolyte will be 

explained. 

(1) The positive electrode 2 

This positive electrode 2 can be manufactured by adding a conductive material to an active material, i.e. nickel 
40 hydroxide powder, and the resultant mixture is kneaded together with a polymeric binder and water to prepare a 

paste, which is then stuffed into an electroconductive substrate and, after being dried, molded into a predetermined 
shape. 

The nickel hydroxide powder may contain at least one oxide or hydroxide of metal selected from the group 
consisting of zinc and cobalt. 

45 As for the conductive material, cobalt oxide, cobalt hydroxide, metallic cobalt, metallic nickel and carbon can 

be used. 

Examples of binder are carboxymethyl cellulose, methyl cellulose, sodium polyacrylate, polytetrafluoroethyl- 
ene and polyvinyl alcohol (PVA). 

The electroconductive substrate may be formed of a mesh-like, sponge-like, fibrous or felt-like metallic porous 
so body which is made of a metal such as nickel, stainless steel or a nickel-plated metal. 

(2) The negative electrode 4 

This negative electrode 4 can be manufactured by the following methods (1) and (2). 

(1) A conductive material Is added at first to a hydrogen-absorbing alloy powder and then kneaded together 
55 wiih a binder and water to prepare a paste, which is then stuffed into an electroconductive substrate and, after 

being dried, molded into a predetermined shape, thereby forming the negative electrode. 

(2) A conductive material is added at first to a hydrogen -absorbing alloy powder and then kneaded together 
with a binder to prepare a mixed material, which is then stuffed into an electroconductive substrate and, after 



) 
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being dried, molded into a predetermined shape, thereby forming the negative electrode 

or .ess is less than 15 wt%. an^^^^^^^^^^ ^ a P article dia ™*e< of 10 urn 
alloy powder having such a particS^ 

at the same time, to realize a metal cSSSS^^^'ST^ M I""* a ^ period of Iime and 
As for the binder, the same nJSSSSSS, ^ Charge/discharQe «** life, 
negate electrode is to be manufactured by SS^ftVS^T^ 2 °T be US6d By ,he «* if ,his 
a binder containing polytetrafluoroethytene (PTfT) aforementioned .tern (2). it is preferable to employ 

As for the conductive material, carbon black for example can be used 

aneZdSr^ 

a sponge-like metallic substrate. n5 '° na ' SUCh aS a ,e,t - |ike ^etattic porous body or 

(3) The separator 3 

' a ^. a nylon 



**Sd^^ 

(KOH). a mixed solution of sodium hydroxide l^oS^t^^^T^ °' P ° taSSiUm hydroxide 
hydroxide (KOH) and iithium hydroxL (UoJ). aS^ °' P ° ,aSSi - 

cordSr^ a <^* battery,, is also possible ac- 

is accommodated therein JK, £^S g SSS^2^Jr eWh 3 C, ° Sed - end rec,anQular «• 
negative electrodes which are alternately superimposed Xon ^lTJ^ C ° mpns,n ^ ? ositive s^rodes and 
tween. and with an alkali electrolyte P an0ther Wrth a se P ar ^ being interposed therebe- 

aca^sS-^ 

formula (1 ). It is possible with this hya^g^^^^t^S^S h * " re P resen,ed b V the genera, 
and a. the same time, to improve the hydrogen SXSSSZ^T * ^ eqUi "' briUm °' ' he alloy 

the discharge capacity thereof can i^Sl^SiStS 2^2^ , '2- ,h !: WOri * , ° , ^ 8 * Whe ^ 
proved. Furthermore, the discharge characteristic m STE? ^ ^arge/d.scharge cycle life thereof can be im- 
The second nydrogen.bso^ a.sobe improved, 

of a casting or sintering method or a pulverized p^^ZaS SandlJ n T manufactured b V "»ana 

ficles^S 

We thereof. Furthermore, the dis^ 

proved. 9 cnaractenstic at h.gh temperatures of the secondary battery can also be im 

acasCr^^ 

formu,a (3). ., is possib.e with this ^!^S^£S^S^^ " rePreSen ' ed by ,he 3 eneral 

capacity and the charge/discharge cyc.e lite SS e l K ^T™? ° f ,he discharQe 

the secondary battery can also be improved ' Char9S characteris «c at high temperatures of 
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The fourth hydrogen-absorbing alloy according to this invention contains an alloy ingot manufactured by means 
of a casting or sintering method or a pulverized product of the alloy ingot and the alloy ingot is represented by the 
genera! formula (4). It is possible with this hydrogen-absorbing alloy to improve the hydrogen absorption/desorption 
property thereof, and in particular, to prominently improve the hydrogen absorption/desorption rate of the alloy. 

Accordingly, a secondary battery which comprises a negative electrode comprising hydrogen-absorbing alloy par- 
ticles containing a pulverized product of the alloy ingot is large in discharge capacity and is capable of improving the 
charge/discharge cycle life. 

The fifth hydrogen-absorbing alloy according to this invention contains an alloy ingot manufactured by means of 
a casting or sintering method or a pulverized product of the alloy ingot and the alloy ingot is represented by the general 
formula (5). It is possible with this hydrogen-absorbing alloy to improve the hydrogen absorption/desorption property 
thereof, and in particular, to prominently improve the hydrogen absorption/desorption rate of the alloy. 

Accordingly, a secondary battery which comprises a negative electrode comprising hydrogen-absorbing alloy par- 
ticles containing a pulverized product of the alloy ingot is capable of prominently improving the discharge capacity and 
the charge/discharge cycle life. 

The sixth hydrogen-absorbing alloy according to this invention contains an alloy ingot manufactured by means of 
a casting or sintering method or a pulverized product of the alby ingot and the alloy ingot is represented by the general 
formula (6). Since a portion of nickel component is substituted by Co in this hydrogen-absorbing alloy, it is possible to 
prominently improve the hydrogen absorption/desorption property such as the hydrogen absorption/desorption rate of 
the alloy. At the same time, the quantity of hydrogen absorption in the plateau region can be stabilized. 

Accordingly, a secondary battery which comprises a negative electrode comprising hydrogen-absorbing alloy par- 
ticles containing a pulverized product of the alloy ingot is capable of stabilizing the voltage at the discharging, thus 
making it possible to realize a large discharge capacity and an improved charge/discharge cycle life of the battery. 

The seventh hydrogen-absorbing alloy according to this invention contains an alloy ingot manufactured by means 
of a casting or sintering method or a pulverized product of the alloy ingot and the alloy ingot is represented by the 
general formula (7). According to this hydrogen-absorbing alloy, it is possible to prominently improve the hydrogen 
absorption/desorption property such as the hydrogen absorption/desorption rate of the alloy. At the same time, the 
quantity of hydrogen absorption in the plateau region can be stabilized. 

Accordingly, a secondary battery which comprises a negative electrode comprising hydrogen-absorbing alloy par- 
ticles containing a pulverized product of the alloy ingot is capable of stabilizing the voltage at the discharging, thus 
making it possible to realize a large discharge capacity and an improved charge/discharge cycle life of the battery. 

The eighth hydrogen-absorbing alloy according to this invention contains an alloy ingot manufactured by means 
of a casting or sintering method or a pulverized product of the alloy ingot and the alloy ingot is represented by the . 
general formula (8). Since a portion of Mg component is substituted by La in this hydrogen-absorbing alloy, it is possible 
to enhance the hydrogen equilibrium pressure to a desired value and at the same time, to prominently improve the 
hydrogen absorption/desorption property of the alloy At the same time, the quantity of hydrogen absorption in the 
plateau region can be stabilized. 

Accordingly, a secondary battery which comprises a negative electrode comprising hydrogen-absorbing alloy par- 
ticles containing a pulverized product of the alloy ingot is capable of improving the working voltage, so that it is possible 
to improve the discharge capacity and charge/discharge cycle life of the battery. 

The ninth hydrogen-absorbing alloy according to this invention contains an alloy ingot manufactured by means of 
a casting or sintering method or a pulverized product of the alloy ingot and the alloy ingot is represented by the general 
formula (9). Since a predetermined quantity of rare earth element component R1 is substituted by La and at the same 
time, a predetermined quantity of Ni component is substituted by M3 in this hydrogen-absorbing alloy, it is possible to 
improve all of the hydrogen equilibrium pressure, the hydrogen absorption/desorption property and the corrosion re- 
sistance of the alloy. 

Accordingly, a secondary battery which comprises a negative electrode comprising hydrogen-absorbing alloy par- 
ticles containing a pulverized product of the alloy ingot is capable of prominently improving the charge/discharge cycle 
life owing to the synergistic effects by the rare earth element component Rt containing La and by the Ni component 
containing M3. 

The tenth hydrogen-absorbing alloy according to this invention contains an alloy represented by the general formula 
(10). Since the Ce content in the R2 is less than 20 wt%, it is possible to improve the corrosion resistance thereof while 
ensuring an excellent crystal structure, and at the same time, to maintain an excellent hydrogen absorption/desorption 
property even in a high temperature environment. 

Accordingly, it is possible, with a secondary battery comprising a negative electrode containing this hydrogen- 
absorbing alloy, to realize a high capacity and long life even in a high temperature environment. 

Further, when La is included as the R2 in this tenth hydrogen-absorbing alloy and the La content in the RJ?. is larger 
than 70 wt%, the hydrogen absorption/desorption quantity can be improved without sacrificing the corrosion resistance 
of the alloy. 
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.5£s;a sssKKr* con * inin9 ms a,ioy is - — ^ 

^ on the Co content according to the (2 m , UPPe K r , ,lm,t °' the Ce COn,ent is ,imited Spending 

a.loy whi.e maintaining a fiJ^SSS!^^ ? V° ^ the C ° rr ° Sion resislance * «,! 
erty even in a high temperature envSint eXCe " ent hydf ° 9en a ^^Ption/oesorp.,on prop- 

0 The twelfth hydrogen-absoming alloy according I Z Z ? ,emperature e ™™ment. 

formula (12). The ailoy contains a pSn ^ fePfeSen,ed by 1,16 9eneral 
meet the formufe (II). and have a pLe S^t^SSSSS^T I ' "? * *' ^ ,M (12 > 
Accordingly, rt is possible «o ensure a high hydrognabsoX^ *" '° h nUmberper 100 nm 

that hydrogen is harfly desorbed. As a result it *SE££Z2^ *?™ U ™' *° ° VerCOme ,he P roblem 
■• property such as the hydrogen absotption/desoX tie * ** ^^iorvdesorption 

Accordingly, it is possible, with a secondary batterv comnri C in„ D .• 
absorbing a.loy, to realize a high capacity anS ESSSES" I** 0 * ,hiS h ^°9 en " 

The thirteenth hydrogen-absorbing alloy aZZlZZl £ ? , 9 Cyde pr0perty ,hereof - 
formu.a(13,.Theal to yco^,ainsaprinc^^ 

meet the formula (II,. and more than 70% by volum Z "w^^™^ ?, * ^ 2 9eneral ,ormula M 
no. more than 20 per tOO nm. According*. » is possible to insure a n J?Z T" °' ^ ^ ^ merein is 

n,« torn,*, „„, ra more than S^^^^S^^" "» > — ' » •» 9"ie» taJL (,4| 

Furthermore, when the content of the crystal Z« hi 9 ^ 96 Cy0l ° proper1 y- 
by volume, and at the same time, the ^tZ Z£ ™^?fL 8 ^ * ype c ^ stai struc,u '* ■ not more than 10% 
than 5% by volume in this fourteenth hydrogen^bsoS alto he 3* ^ ^ StfUCtUre is no ' 
the alloy can be prominently improved, in particulate S ? T*. abs0r P" o "^°.p,ion characteristic of 
Accordingly, it b possible to realize a mete, SS^^J^Zt^^ * Pr0minen,,y impraved 
discharge capacity and charge/discharge cycle life secondaf y ««tety wh.ch » prominently improved in both 

Followings are preferred embodiments of this invention 

r n?apXTr^ 

Comparative Examples. Referring to FIG. 3. « hy £ ^ 3 Tj" f °"° Win9 Examp,es and 

vessel 33. The middle portion of the pipe 32 is branchS and I Set. 1??' 8 pipe 32 to a ,est sam P'° 
vacuum pump 35. A manometer 36 is mounted on fobe lln T H a* "* P ' Pe 34 ' S COnnected «° ■ 
Pipe 32 interposed between the hydrogen gas cZe r 31 S ^ , "° m branChed pipe * °" the 
valve 37, and a second vafve 37, in the StoS^^^S?? ^ *'* mOUn,ed a «« 
accumulator 38 is attached .0 a ponion of the pipe sFwS isSd SLl ^ 5^" 938 Cy,i " der 31 A P ressu ^ 
37 2 . Further, the vacuum pump 35 is connected vte ^i^^Th^^^^^^**^^ 

The test sample vessel 33 is provided with a hiSvV* ^ 6d P ' pe 34a ' 

vessel 33. A temperature contrCer^ to be bolted by TcloZ^T 40 f J"*" insWe ,ha -mple 
as to the heater 39 so as ,0 control the temperature of the SSI i'ST'HT l ° *• thermocou P le ^ as well 
thermocouple 40. A recorder 43 to be controlled by the compu Z " ESSl? a J emperat ^ ^tected ,rom the 
the temperature controller 42. computer 41 is connected to the manometer 36 as well as to 

(Examples 1-8 and Comparative Examples 1-2) 
Each element was weighed so as to obtain the 1 



' compositions shown in Table 1 shown below, and the 



resultant 
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* compositions were melted in an induction furnace filled with an argon gas atmosphere, thereby preparing various kinds 
of hydrogen-absorbing alloy ingot. These alloy ingots were respectively pulverized to prepare hydrogen absorbing alloy 
powder having a particle diameter of 125 um or less. 

5 (Comparative Example 3) 

Each element was weighed so as to obtain the composition shown in Table 1 shown below, and the resultant 
composition was melted in an induction furnace filled with an argon gas atmosphere, thereby preparing an alloy ingot. 

Then the alloy ingot was melted and the resultant melt was dropped in an argon gas atmosphere on the surface 
of a copper roll rotating at a peripheral velocity of 5 m/sec to quench the melt, thereby obtaining a thin hydrogen- 
absorbing alloy flake. Subsequently, the thin alloy flake was heat-treated at a temperature of 890°C for 1 2 hours in an 
argon atmosphere and then pulverized to prepare hydrogen absorbing alloy powder having a particle diameter of 1 25 

^ TheiTeach of these hydrogen-absorbing alloys according to Examples 1 -8 and Comparative Examples 1-3 was 
charged into the test sample vessel 33 (ambient temperature: 80°C) shown in FIG. 3. Thereafter, the first valve 37, 
was closed and both of the second valve 37 2 and the third valve 37 3 were opened. Under this condition, the vacuum 
pump 35 was actuated to exhaust the air in each of the pipe 32, the branched pipe 34 and the pressure accumulator 
38 Then after the second valve 37 2 and the third valve 37 3 are closed, the first valve 37, was opened to supply 
hydrogen from the hydrogen gas cylinder 31 to each of the pipe 32, the branched pipe 34 and the pressure accumulator 
20 38 thereby carrying out a hydrogen displacement of them. Subsequently, the first valve 37, was closed and at the 
same time, the quantity of hydrogen introduced was calculated from the pressures of the system indicated by the 
manometer 36. Thereafter, the second valve 37 2 was opened thereby feeding hydrogen to the test sample vessel 33, 
and the temperature thereof was monitored with the thermocouple 40. Then, the temperature of the test sample vessel 
33 was kept constant by controlling the computer 41 and the temperature controller 42. At the same time, a change in 
25 pressure if any within the test sample vessel 33 was detected by means of the manometer 36 and recorded in the 
recorder 43. 

The quantity of hydrogen (H/M) that was absorbed in each of the hydrogen-absorbing alloys during a time period 
of one hour after the introduction of a fixed amount of hydrogen into the test sample vessel 33 was measured by 
detecting the pressure change inside the test sample vessel 33, the results being shown as a hydrogen absorption 
30 rate (H/M-rr 1 ) in the following Table 1 . .- 



10 



15 



35 



40 



45 



SO 



55 



EP 0 892 451 A2 



10 



1$ 



20 



25 



30 



35 



40 



45 



C 

o 

C -H 
Q) +J 

o> a 
o u 
u o 

>1 JQ 

X (0 



CO 



>1 
o 



c 

•H 

M 
O 

w 
<o 
c 

<D 
Cn 
O 
H 
T3 
>i 



O 

o 



CM 



z 

in 
o 

CO 

m 
o 

s 



> 

rfl Q) 



a, 
e 
o 
u 



a 



CN 

o 
o 

CO 

ro 
o 

o 

GO 

2 



CN 



0) 
> 
•H 

(0 a) 

M rH 

id a 

a. e 

s 3 

o X 



ro 

2: 

m 
o 

o 

ro 

o 

a) 

O 

ro 

O 

co 

in 
ro 

o 

00 



> 

•H rn 

rd a, 

a £ 

e to 

O X 



CN 

o 
Z 

m 
o 



< 
in 
in 

o 

CO 

o 

00 



o 

00 

< 

o 

CO 

ro 

o 

00 



s s 



rH 


CN 


<D 


<D 


rH 


rH 


a, 

§ 


a 






CO 


w 



ro 
O 

O 
O 



ro 

z 

r- 
o 

O 
C 

ro 
O 

O 



00 

o 
o 

CO 

o 

CN 
O 



00 
in 



o 

> 



o o 

£ S 



in 

CN 

o 

00 

2 



h4 

ro 
CN 

O 
00 

2 



o 

> 

r- 



o 

£ 

ro 

CN 

o 

00 



m 
o 

o 

CO 

h 
ro 

o 

CP 

o 

ro 





CD 


Q) 


a> 


rH 




a 


a, 


>: 


I 

X 


CO 





50 



55 



at a temperature of 80»C as compared witJSd^e^bT^S > ^ 8 hydf ° 9en absor P tior > 

The reason for the tow hydrogen JS£E5K wts hdSS bvTh LT Com P MDW Exam P'°* 1 to 3. 
to Compare Example 1 can be attributed to the fa« tteZ I^^^'T^'^ 0 a "° y aCC ° fdin9 
Example 1 was la.JKfcNfe type alloy. On the other hand a^o.lhfhn ? a "° y aCC ° rding ,0 Com P^tive 
parative Example 3 had a imposition ^l^^ S^T, ? hydro 9 en - absorbi "9 alloy according to Corn- 
was lower as compared with those of S bl« h Th! t * ^""^naion rate thereof 
Example 3 was manufactured by ^^^^1^°^^ « C ° mpara,ive 

(Examples 9-15 and Comparative Example 4) 

Each element was weighed so as to obtain the compositions shown in Tabie 2 shown below, and the resultant 
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compositions were melted in an induction furnace filled with an argon gas atmosphere, thereby preparing various kinds 
of hydrogen-absorbing alloy ingot. These alloy ingots were respectively pulverized to prepare hydrogen absorbing alloy 
powder having a particle diameter of 125 u.m or less. 

5 (Comparative Example 5) 

Each element was weighed so as to obtain the composition shown in Table 2 shown below, and the resultant 
composition was melted in an induction furnace filled with an argon gas atmosphere, thereby preparing an alloy ingot. 

Then, the alloy ingot was melted and the resultant melt was dropped in an argon gas atmosphere on the surface 
10 of a copper roll rotating, at a peripheral velocity of 5 m/sec to quench the melt, thereby obtaining a thin hydrogen- 
absorbing alloy flake. Subsequently, the thin alloy flake was heat-treated at a temperature of 890°C for 1 2 hours in an 
argon atmosphere and then pulverized to prepare hydrogen absorbing alloy powder having a particle diameter of 1 25 
ujn or less. 

The hydrogen absorption rate (H/M-h* 1 ) at a temperature of 80°C of these hydrogen Examples 9-1 5 and Compar- 
T5 ative Examples 4 and 5 was measured in the same manner as described above, the results being shown in the following 
Table 2. 
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to those of Example 13. the hydrogen-absorotion «t- S , tXample 5 had a composition which was similar 

because the hydrogen-absorbing i ^SSSS sT^f ^ ,h ° Se " Examp,e 13 ' 
quenching method. 9 oompara1,ve Example 5 was manufactured by means of a melt- 

(Examples 16-22 and Comparative Examples 6-8) 

Each element was weighed so as to obtain the compositions shown in Tab.e 3 shown be.ow. and the resullant 
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compositions were sintered in an argon gas atmosphere and then heat-treated at a temperature close to the melting 
point thereof thereby preparing various kinds of hydrogen-absorbing alloy ingot. These alloy ingots were respectively 
pulverized to prepare hydrogen absorbing alloy powder having a particle diameter of 75 ujti or less. 

s (Comparative Example 9) 

Each element was weighed so as to obtain the composition shown in Table 3 shown below, and the resultant 
composition was melted in an induction furnace filled with an argon gas atmosphere, thereby preparing an alloy ingot. 

Then the alloy ingot was melted and the resultant melt was dropped in an argon gas atmosphere on the surface 
to of a copper roll rotating at a peripheral velocity of 5 m/sec to quench the melt, thereby obtaining a thin hydrogen- 
absorbing alloy flake. Subsequently, the thin alloy flake was heat-treated at a temperature of 890°C for 1 2 hours in an 
argon atmosphere and then pulverized to prepare hydrogen absorbing alloy powder having a particle diameter of 75 

^ The S hydrogen absorption rate (H/M-rr 1 ) at a temperature of 80°C of these hydrogen Examples 16-22 and Corn- 
is parative Examples 6 to 9 was measured in the same manner as described above, the results being shown in the 
following Table 3. 
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10 



to Comparative Example 6 can be attributed to the fact that the hydrogen-absorbing alloy according to Comparative 
Example 6 was La 1 x Mg x Ni 3 type alloy. On the other hand, although the hydrogen-absorbing alloy according to Com- 
parative Example 9 had a composition which was similar to those of Example 20. the hydrogen-absorption rate thereof 
was lower as compared with those of Example 20, because the hydrogen-absorbing alloy according to Comparative 
Example 9 was manufactured by means of a melt-quenching method. 

(Examples 23-44 and Comparative Examples 10-13, 15, 17-18) 

Various kinds of mother alloys, i.e. an RNi 5 -type alloy, an RNI 3 -type alloy, an RNi 2 -type alloy and an RNi-type alloy 
which are relatively high in melting point, and an MgNi 2 -type alloy were prepared by making use of an induction furnace 
(an argon gas atmosphere). Then, each mother alloy was weighed to obtain a predetermined composition as shown 
in Tables 4 to 6 and then sintered in an argon atmosphere at high temperatures to obtain various alloy ingots, which 
were respectively pulverized to a particle diameter of 75 \w\ or less. 

is (Comparative Examples 14, 16 and 19) 

Each element was weighed so as to obtain the composition shown in the following Tables 4 to 6, and the resultant 
composition was melted in an induction furnace filled with an argon gas atmosphere, thereby preparing various kinds 
of alloy ingot. 

20 Then, each alloy ingot was melted and the resultant melt was dropped in an argon gas atmosphere on the surface 

of a copper roll rotating at a peripheral velocity of 5 m/sec to quench the melt, thereby obtaining a thin hydrogen- 
absorbing alloy flake. Subsequently, the thin alloy flake was heat-treated at a temperature of 890°C for 1 2 hours in an 
argon atmosphere and then pulverized to prepare hydrogen absorbing alloy powder having a particle diameter of 75 
u.morless. 

25 Electrodes were prepared according to the following procedures by making use of the hydrogen -absorbing alloy 

powders of Examples 23 to 44 and Comparative Examples 10 to 1 9. First of all, each hydrogen-absorbing alloy powder 
and electrolytic copper powder were mixed together at a ratio of 1:1. Then, 1 g of this mixture was press-molded for 5 
minutes under a pressure of 10,000 kg by making use of a tablet molding machine (inner diameter: 10 mm) to produce 
a pellet. The resultant pellet was sandwiched between a pair of nickel meshes to form a composite, the periphery of 

30 which was then spot-welded. Thereafter, a nickel lead wire was further spot-welded thereby attaching it to the composite 
to produce an alloy electrode (a negative electrode). 

Each of the negative electrodes thus obtained was immersed together with a sintered nickel electrode constituting 
a counter electrode in a 8N aqueous solution of potassium hydroxide whereby constituting a negative electrode ca- 
pacity-controlled battery, and a charge/discharge cycle test was performed at a temperature of 25°C so as to measure 

35 the maximum discharge capacity and the cycle life (the number of cycle when the discharge capacity was lowered to 
80% of the maximum discharge capacity). The charge/discharge conditions in this test were as follows. Namely, the 
secondary battery was subjected at first to a charging for 10 hours with a current of 1 00 m A per 1g of the hydrogen- 
absorbing alloy, and. after 10 minute cessation, discharged with a current of 20 mA per 1g of the hydrogen-absorbing 
alloy until the battery voltage (with respect to a mercury oxide electrode) was decreased down to -0.5V. This charge/ 

40 discharge cycle was repeated. The results of this test are shown in the following Tables 4 to 6. 
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As apparent from Table 4. the nickel-hydrogen secondary batteries according to Examples 23 to 28 whi,h „o 
manufactured using a sintering method and a composition represented by the oeneraHoS f n ?5j£ 2 
excellent properties in both maximum discharge capacity and charge/discharg 

ctr^a^ 
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according to Comparative Examples 1 0 to 12 was either La 10< Mg x Ni 2 type alloy or U^MfcNij type alloy. On the other 
hand although the composition of the hydrogen-absorbing alloy contained in the negative electrode according to the 
secondary battery of Comparative Example 14 was similar to that of Example 25, both discharge capacity and charge/ 
discharge cycle life were poor as compared with those of Example 25, because the hydrogen-absorbing alloy according 

5 to Comparative Example 14 was manufactured by means of a melt-quenching method. 

As apparent from Table 5, the nickel-hydrogen secondary batteries according to Examples 29 to 35 which were 
manufactured using a sintering method and a composition represented by the general formula (2) indicated more 
excellent properties in both maximum discharge capacity and charge/discharge cycle life as compared with the sec- 
ondary batteries according to Comparative Examples 15 and 16. Although the composition of the hydrogen-absorbing 

70 alloy contained in the negative electrode according to the secondary battery of Comparative Example 1 6 was similar 
to those of Example 32. both discharge capacity and charge/discharge cycle life were poor as compared with that of 
Example 32, because the hydrogen-absorbing alloy according to Comparative Example 16 was manufactured by 
means of a melt-quenching method. 

As apparent from Table 6, the nickel-hydrogen secondary batteries according to Examples 36 to 44 which were 

is manufactured using a sintering method and a composition represented by the general formula (3) indicated more 
excellent properties in both maximum discharge capacity and charge/discharge cycle life as compared with the sec- 
ondary batteries according to Comparative Examples 10-12 and 17 to 19. Although the composition of the hydrogen- 
absorbing alloy contained in the negative electrode according to the secondary battery of Comparative Example 19 
was similar to those of Example 40, both discharge capacity and charge/discharge cycle life were poor as compared 

20 with that of Example 40, because the hydrogen-absorbing alloy according to Comparative Example 1 9 was manufac- 
tured by means of a melt-quenching method. 

(Examples 45-55 and Comparative Examples 20-21) 

25 Each element was weighed so as to obtain the compositions shown in the following Table 7, and the resultant 

compositions were melted in an induction furnace filled with an argon gas atmosphere, thereby obtaining 13 kinds of 
alloy ingot. Then, these ingots were subjected to a heat treatment in an argon atmosphere for 3 hours at a temperature 
of 950°C. Subsequently, the alloy ingots were pulverized to prepare hydrogen absorbing alloy powder having a particle 
diameter of 150 u.m or less. 

30 By the way, the misch metal (Lm) shown in Table 7 was composed of 84 at.% of La, 10 at.% of Ce, 1 at% of Pr, 

5 at.% of Nd and 0.2 at.% of Sm; while the misch metal (Mm) was composed of 27.5 at.% of La, 50.3 at% of Ce, 5.5 
at.% of Pr, 16.5 at.% of Nd and 0.2 at.% of Sm. 

Each hydrogen absorbing alloy powder was then mixed with electrolytic copper powder at a ratio of 1 :2 (weight 
ratio), and 1g of the resultant mixture was pressed for 5 minutes with a pressure of 10 tons/cm 2 , thus obtaining 13 

35 kinds of pellet each having a diameter of 12 mm. These pellets were sandwiched between Ni wire nettings, and the 
peripheral portion thereof was spot-welded and pressed. Subsequently, to this pressed body was connected Ni lead 
wires by means of spot-welding thereby preparing 13 kinds of hydrogen absorbing alloy electrode (a negative elec- 
trode). 

Each of the negative electrodes thus obtained was dipped together with a counter electrode (sintered nickel elec- 
40 trode) into an aqueous solution of 8N-KOH (electrolyte) in a case, whereby assembling test cells (Examples 45-55, 
and Comparative Examples 20 to 21). 

(Comparative Example 22) 

45 A test cell was fabricated in the same manner as explained in Examples 45 to 55 except that the following hydrogen- 

absorbing alloy powder was employed in this example. 

Namely, each element was weighed so as to obtain the composition shown in the following Table 7, and the resultant 
composition was melted in an induction furnace filled with an argon gas atmosphere, thereby preparing an alloy ingot. 
Then, the alloy ingot was melted and the resultant melt was dropped in an argon gas atmosphere on the surface 
so of a copper roll rotating at a peripheral velocity of 5 m/sec to quench the melt, thereby obtaining a thin hydrogen- 
absorbing alloy flake. Subsequently, the thin alloy flake was heat-treated at a temperature of 890*C for 1 2 hours in an 
argon atmosphere and then pulverized to prepare hydrogen absorbing alloy powder having a particle diarnoter of 1 50 
u.m or less. 

Then, the tost cells according to Examples 45-55 and Comparative Examples 20-22 were subjected to a charge/ 
55 discharge cycle test at a temperature of 25°C. The charge/discharge conditions in this lest were as follows. Namely, 
the secondary battery was subjected at first to a charging for 5 hours with a current of 1 00 mA per 1 g of the hydrogen- 
absorbing niloy and, after 10 minute cessation, discharged with a current of 50 mA pei 1 g of the hydrogen-absorbing 
alley until the battery voltage (with respect to a mercury oxide electrode) was decreased down to -0.6V. This charge/ 
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discharge cycle was repeated so as to measure the maximum discharge capacity and the cycle life (the number of 
cycle when the discharge capacity was lowered to 80% of the maximum discharge capacity) The results of this test 
are shown in the following Table 7. ' ~ * 

Furthermore, the hydrogen absorbing alloys of Examples 45-55 and Comparative Examples 20 to 22 were tested 
to measure, as a hydrogen absorption characteristic, a rechargeable hydrogen storage capacity (JIS H7003- Term for 
Hydrogen Absorbing Alloy) from the iso-thermal line of pressure-composition which was measured under a hydroqen 
pressure of less than 10 atm. at a temperature of 6G*C by making use of Sieverts's method (JIS H7201 ) The results 
are shown in the following Table 7. 
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As apparent from Table 7, the hydrogen-absorbing alloys according to Examples 45 to 55 which were manufactured 
40 by means of a casting method and represented by the general formula (4) indicated a higher rechargeable hydrogen 
storage capacity as compared with the hydrogen-absorbing alloys according to Comparative Examples 20 to 22. 

Further, the secondary batteries comprising a negative electrode containing any one of the hydrogen-absorbing 
alloys of Examples 45 to 55 indicated more excellent properties in both maximum discharge capacity and charge/ 
discharge cycle life as compared with the secondary batteries comprising a negative electrode containing any one of 
45 the hydrogen-absorbing alloys of Comparative Examples 20 to 22. 

(Examples 56-65 and Comparative "Examples 23-24) 

Each element was weighed so as to obtain the compositions shown in the Table 8, and the resultant compositions 
so were melted in an induction furnace filled with an argon gas atmosphere and then cast into a water-cooled copper 
mold, each melt cast in this manner being allowed to solidify to obtain various kinds of alloy ingot. Then, these ingots 
were subjected to a heat treatment in an argon atmosphere for 3 hours at a temperature of 950°C. Subsequently, the 
alley ingots were pulverized to prepare hydrogen absorbing aiioy powder having a particle diameter of 1 50 u.m or less. 
By the way, the misch metal (Lrn) shown in Table 8 was composed of 90 at.% of La, 1 at.% of Ce, 6 at.% of Pr, 3 
55 al.% of Nd; while the misch metal (Mm) was composed of 34 at.% of La, 50.8 at.% ol Ce, 8 at.% of Pr, 7 at.% of Nd 
and 0.2 at.% of Sm. 

Each hydrogen absorbing alloy powder was then mixed with electrolytic copper powder at a ratio of 1:3 (weight 
ratio), and 1 g of the resultant mixture was pressed for 8 minutes v/ith a pressure of 8 tons/cm 2 , thus obtaining 1 2 kinds 
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of pellet each having a diameter of 1 0 mm. These pellets were sandwiched between Ni wire nettings and the peripheral 
port-on thereof was spot-welded and pressed. Subsequently, to this pressed body was connected Ni ea Tw res by 

rLh EE? 7 [ , V 1 2 kindS ° f hydf09en abs ° rbin 9 al, °* elec,rode negative e.ectrod 

Each of the negate electrodes thus obtained was dipped together with a counter ele trode (sintered nicke elec- 

sc=;::^r OH (elec,ro,yle) in a case - Mn9 ™ J,s 



(Comparative Example 25) 



AtestcellwasfabricatedinthesamemannerasexplainedinExamDlesSRioR^ov^o^.K,.^ . „ 
absorbing alloy powder was employed in this example P PU 

composmon was melted in an induction furnace filled with an araon aas atmo^h.^ thoroK resultant 
Then, the alloy ingot was melted and the resultant ^3KJS?^25 ^T'" 9 " a "° y ing0t - 
of a copper roll rotating at a peripheral velocity of 5 rS^qST^^TS 25? T *" ^ 
absorbing alloy flake. Subsequently, the thin 2y flake was heXat^ 
^^^^ 

d ischZ'5c.^™ 

the secondary battery was subjected at fifst to a^i^^ 

absorbing alloy, and. after 10 minute cessation, discharged with a current of 100 mA J l it ,1 *' hydr ° 9en " 
alloy until me battery voltage <w«h respect to a n^J^Ji^^^S^ Ts^T^ 
discharge cycle was repeated so as to measure the maximum discharge capaci^nd Z Tcvcle « e nhl^l" 9 ^ 

tom^ra^^ 

Hydrogen Absorbing Alloy) from the iso-thermal Z of oreS^mJS 1^ . 9 " ° aPaC,ty (J ' S H7003: Term ,or 
pressure of less tha^ 10 1. at a tempera^ 7^ SSSSC ST 
are shown in the following Table 8. memoa (Jis H7201 ). The results 
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As apparent from Table 8, the hydrogen-absorbing alloys according to Examples 56 to 65 which were manufactured 
by means of a cast.ng method and represented by the general formula (5) indicated a higher rechaiB^SSS 
storage capacrty as compared with the hydrogen^bsorbing alloys according to Comparative ExampL 23 to 25 

Further, the secondary batteries comprising a negative electrode containing any one of the hydroqen^bsorbinn 
alloys of Examples 56 to 65 indicated more excellent properties in both maximum discharged SS^S^ 

ZZZTJ: ? C0 7 ar 1 ? h the secondary batterles comprlsjn9 3 n *9 ative e,ec ^ coLX^S2 

the hydrogen-absorbing alloys of Comparative Examples 23 to 25. 
(Examples 66-68 and Comparative Example 26) 

Each element was weighed so as to obtain the compositions shown in the Table 9, and the resultant compositions 

mold 2 'IT TT <UmaCe K fi,,ed With an af9 ° n 935 atmOSphere and *" «* in <° * wattcSS coS 
!! manner being allowed to solidify to obtain four kinds ol alloy ingot. Then, these ingots^wena 

subjected to a hea, treatment m an argon atmosphere for 3 hours at a temperature of 95f>C. Subsequent; the aZ 

ingots were pulvenzed to prepare hydrogen absorbing alloy powder having a particle diameter of 1 sol j ess 
By the way. the msch metal (Lm) shown in Table 9 was the same as explained with reference "t£Tb 
Each hydrogen absorbing alloy powder was then treated in the same manner as in the cases of Examples 56-65 

thereby preparing a hydrogen absorbing alloy electrode (a negative electrode) examp.es 55 65, 

Each of the negate electrodes thus obtained was dipped together with a counter electrode (sintered nickel elec 

.rode, into an aqueous so.ut.on of 6N-KOH (electrode) in a case, whereby assembling test oJESSS^ 
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and Comparative Example 26). 

Then, the test cells according to Examples 66-68 and Comparative Example 26 were subjected to a charge/dis- 
charge cycle test at a temperature of 25°C to measure the maximum discharge capacity and the cycle life (the number 
of cycle when the discharge capacity was lowered to 80% of the maximum discharge capacity). The results of this test 
are shown in the following Table 9. By the way, the conditions for this charge/discharge cycle test was the same as in 
the cases of Examples 56-65. 

Furthermore, the hydrogen absorbing alloys of Examples 66-68 and Comparative Example 26 were tested to 
measure, as a hydrogen absorption characteristic, a rechargeable hydrogen storage capacity (JiS H7003: Term for 
Hydrogen Absorbing Alloy) from the iso-thermal line of pressure-composition which was measured under a hydrogen 
pressure of less than 10 atm. at a temperature of 45°C by making use of Sieverts's method (JIS H7201). The results 
are shown in the following Table 9. 
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As apparent from Table 9, the hydrogen-absorbing alloys according to Examples 66-68 where the Ca content is 
0.3 or less indicated a higher rechargeable hydrogen storage capacity as compared with the hydrogen-absorbing alloy 
according to Comparative Example 26 where the Ca content is more than 0.3. 

Further, the secondary batteries accordingto Examples 66-68 indicated more excellent properties in both maximum 
s discharge capacity and charge/discharge cycle lite as compared with the secondary battery according to Comparative 
Example 26. 

(Examples 69-78) 

io Each element was weighed so as to obtain the compositions shown in the following Table 10, and the resultant 

compositions were melted in an induction furnace filled with an argon gas atmosphere, thereby obtaining 10 kinds of 
alloy ingot. Then, these ingots were subjected to a heat treatment in an argon atmosphere for 5 hours at a temperature 
ranging from 950°C to 1 ,000° C. By the way, the misch metal (Lm) shown in Table 10 was composed of 92 at.% of La, 
4 at.% of Ce, 1 at.% of Pr and 3 at.% of Nd. 

is Subsequently, the alloy ingots were pulverized to prepare hydrogen absorbing alloy powder having a particle di- 

ameter of 100 ujn or less. 

Each hydrogen absorbing alloy powder was then mixed with electrolytic copper powder at a ratio of 1:2 (weight 
ratio), and Ig of the resultant mixture was pressed for 5 minutes with a pressure of 1 0 tons/cm 2 , thus obtaining 1 0 kinds 
of pellet each having a diameter of 1 2 mm. These pellets were sandwiched between Ni wire nettings, and the peripheral 

20 portion thereof was spot-welded and pressed. Subsequently, to this pressed body was connected Ni lead wires by 
means of spot-welding thereby preparing 10 kinds of hydrogen absorbing alloy electrode (a negative electrode). 

Each of the negative electrodes thus obtained was dipped together with a counter electrode (sintered nickel elec- 
trode) into an aqueous solution of 8N-KOH (electrolyte) in a case, whereby assembling test cells. 

Then, the test celts according to Examples 69-78 were subjected to a charge/discharge cycle test at a temperature 

25 of 20°C. The charge/discharge conditions in this test were as follows. Namely, the secondary battery was subjected 
at first to a charging for 2.5 hours with a current of 200 mA per 1g of the hydrogen-absorbing alloy, and, after 10 minute 
cessation, discharged with a current of 100 mA per 1g of the hydrogen -absorbing alloy until the battery voltage (with 
respect to a mercury oxide electrode) was decreased down to -0.7V This charge/discharge cycle was repeated so as 
to measure the maximum discharge capacity and the cycle life (the number of cycle when the discharge capacity was 

30 lowered to 80% of the maximum discharge capacity). The results of this test are shown in the foUowing Table 11 . 

Furthermore, the hydrogen absorbing alloys of Examples 69-78 were tested to measure hydrogen absorption 
characteristics. That is, the iso-thermal line of pressure-composition was measured under a hydrogen pressure of less 
than 10 atm. at a temperature of 50°C by making use of Sieverts's method (JIS H7201 ). Then, a plateau slope at the 
moment of hydrogen desorption (JIS H7003: Term for Hydrogen Absorbing Alloy) was calculated from the iso-thermal 

35 line of pressure-composition. In this case, the hydrogen pressures, which can be determined by extending the straight 
lines of the plateau region to a portion of hydrogen absorption quantity exhibiting (H/M)=0 and to another portion of 
hydrogen absorption quantity exhibiting (H/M)=1 f were defined as P 0 and P 1t respectively, and the plateau slope was 
determined from the ratio between P 0 and P v Further, a ratio between the hydrogen absorption pressure (PA) and the 
hydrogen desorption pressure (PD) at the center of the plateau region was calculated from the iso-thermal line of 

40 pressure-composition. Hysteresis (JIS H7003: Term for Hydrogen Absorbing Alloy) was determined from the ratio 
between PA and PD. The results of these tests are shown in the following Table 11. 
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As apparent from Tables 10 and 11 , the hydrogen-absorbing alloys according to Examples 69 to 7B indicated a 
40 lower plateau slope and a lower hysteresis, thus suggesting an excellent property of these alloy. 

Further, the secondary batteries comprising a negative electrode containing any one of these hydrogen-absorbing 
alloys according to Examples 69 to 78 indicated more excellent properties in both discharge capacity and charge/ 
discharge cycle life. In particular, the secondary batteries comprising a hydrogen-absorbing alloy containing Co ac- 
cording to Example 69 indicated a longer cycle life, a smaller plateau slope and a smaller hysteresis as compared with 
45 the secondary batteries of Examples 73 and 74 where a negative electrode containing Co-free alloy was employed. 
Further, the secondary batteries according to Example 75 where the negative electrode contained the alloy having a 
Co content of 0.5 indicated a longer cycle life, and a smaller plateau slope and a smaller hysteresis of the alloy as 
compared with the secondary batteries of Example 76 where the negative electrode contained the alloy having a Co 
content of more than 0.5. Furthermore, the secondary batteries according to Example 77 where the negative electrode 
50 contained the alloy having a Mn content of 0.2 indicated a longer cycle life, and a smaller plateau slope and a smaller 
hysteresis of the alloy as compared with the secondary batteries of Example 78 where the negative electrode contained 
the alloy having a Mn content of more than 0.2. 

(Examples 79-93) 

55 

Each element was weighed so as to obtain the compositions shown in the following Table 12, and the resultant 
compositions were melted in an induction furnace filled with an argon gas atmosphere, thereby obtaining 15 kinds of 
alloy ingot. Then, these ingots were subjected to a heat treatment in an argon atmosphere for 5 hours at a temperature 
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ranging from SSCC to 1 .OWC. By the way. the misch metal (Lm) shown in Table 12 was composed of 92 at % of La 
4 at.% of Ce. 1 at.% of Pr and 3 at.% of Nd; while the misch metal (Mm) shown in Table 12 was composed of 37 5 at' 
% of La, 45.3 at.% of Ce, 5.5 at.% of Pr, 11.5 at.% of Nd and 0.2 at.% of Sm. 

Subsequently, the alloy ingots were pulverized to prepare hydrogen absorbing alloy powder having a panicle di- 
ameter of 100 urn or less. Each hydrogen absorbing alloy powder was then mixed with electrolytic copper powder at 
a ratio of 1 :2 (weight ratio), and 1 g of the resuftant mixture was pressed for 5 minutes with a pressure of 1 0 tons/cm2 
thus obtaining 15 kinds of pellet each having a diameter of 12 mm. These pellets were sandwiched between Ni wire 
nettings, and the peripheral portion thereof was spot-welded and pressed. Subsequently, to this pressed body was 
connected Ni lead wires by means of spot-welding thereby preparing 15 kinds of hydrogen absorbing alloy electrode 
(a negative electrode). ' " 

Each of the negative electrodes thus obtained was dipped together with a counter electrode (sintered nickel elec- 
trode) into an aqueous solution of 8N-KOH (electrolyte) in a case, whereby assembling test cells 
. o J^"^ 16 l ! Sl ° e !!f. accordin£ > ,0 E»n>Pto» 79-93 were subjected to a charge/discharge cycle test at a temperature 
of 20 C. The charge/discharge conditions in this test were as follows. Namely, the secondary battery was subjected 
at first to a charging for 2.5 hours with a current of 200 mA per 1 g of the hydrogen-absorbing alloy, and after 1 0 minute 
cessation, discharged with a current of 100 mA per 1g of the hydrogen-absorbing alloy until the battery voltaqe (with 
respect to a mercury oxide electrode) was decreased down to -0.7V. This charge/discharge cycle was repeated so as 
to measure the max.mum discharge capacity and the cycle life (the number of cycle when the discharge capacity was 
lowered to 80% of the maximum discharge capacity). The results of this test are shown in the following Table 12 
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As apparent from Table 12, the hydrogen-absorbing alloys according to Examples 79 to 93 indicated a high dis- 
charge capacity and a long cycle life. a 

Further, the secondary battery according to Example 91 where the negative electrode contained the alloy containing 
La ,n the rare earth component and a.so containing a rare earth component other than La a. a ratio of .ess than 0 9 
was found more excellent m both discharge capacrty and cycle life as compared with any of the secondaa batter^ 
accord.ngtoExamp.esec 90 and 80; i.e. the secondary b« toV rtEx^B0«h.»tta4»«lv..l^ n LSS 
the alloy conta.nmg La at a rafo 0.1 in the rare earth component; the secondary battery of Examole 90 i 2™ til 
negat.ve electrode contained the alloy no. containing La at all in the rare earth component 

of Example 80 where the negative electrode contained the alloy wherein the rare earth was emllly SS by lT 
(Examples 94-108) 

Each element was weighed so as to obtain the compositions shown in the following Table 13 and the resultant 
composes were metted m an induction furnace filled with an argon gas atmosphere and then subjected toa hea 
treaunenttn an argor i gas a mosphere for 5 hours at a temperature of 950-C, thereby obtaining 15 ^0^1 ovinooT 
By the way, the m.sch metal (Lm) shown in Table 13 was composed of 92 at % of li 1 at % of Ce t n p T, 

M oTsm^ metel C ° mPOSed ° f 34 ** °' * 504 - * " * ^of^.ear^^Ndand 

Subsequently, the alloy ingots were pulverized to prepare hydrogen absorbing alloy powder havino a oarticla di 
ameter of 80 m or less Each hydrogen absorbing a.toy powder was then mixed wfth electronic o^i pS?«* 
ratto of 1:3 (weight ratio), and 1 9 of the resuftant mixture was pressed for 8 minutes with a pressure o B Zlt? 

Each of the negative electrodes thus obtained was dipped together with a counter electrode uin^n „• i. , , 
trode) into an aqueous solution of 8N-KOH (electrolyte) ina case 9 whereof ^ass^CstTe^ Bl ° C ' 

of 2 5 T rrrrg:s 

atfirs,,oachargingfor4,ho 9 urswithacunent h of^ 

cessation, discharged wrth a current of 100 mA per 1g of the hydrogen-absorbing ailoy untH le'batte J loltaoTZth 

rm=e e =^^ 
--^OW^ximumd^ 
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As apparent from Table 13. the hydrogen-absorbing alloys according to Examples 94 to 108 indicated a high 
discharge capacity and a long cycle life. 9 

(Examples 109-117) 

(Evaluation of electrode) 

Each element was weighed so as to obtain the compositions shown in the following Table 14 and the resultant 
composmons were melted m an induction furnace filled with an argon gas atmosphere thereby obtaining 9 Wnd o 

TaXl™ 

Subsequently, the alloy ingots thus obtained were pulverized to prepare hydrogen absorbing alloy powder havino 
a particle d.ameter of 75 urn or less. Each hydrogen absorbing alloy powder was then mixed wl SctrSc ™ 
powder at a ratio of 1:3 (weight ratio), and 1 g of the resultant mixture was pressed for sZms ^^ZTZZ 
torWcn* thus obtaining 9 kinds of pe.let each having a diameter of 10 mm. These pellets we" sTdwiche between 
w,re nett,n 9 s - ; ™ d < he P er, P heral P° rti °n t^reof was spot-welded and pressed. Subsequently to thto Dressed S 

Each of the negate electrodes thus obtained was dipped together with a counter electrode (sintered nickel 6 i«r 
.rode) into an aqueous solution of 8N-KOH (elec.ro.yte) in a case, whereby assembling test eels 

(Comparative Example 27) . 
abso^at^^^ 

Then, the altoy ingot was meted an the* S^SSSSST^ * ^ >n9 ° l 

of a copper roll rotating a. a peripheral IT*™ T SUrfaC8 

absorbing alloy flake. Subsequently, the thin a.loy flake h!iS^^ .'SJSS SS^i ^SSST" 
argon atmosphere and then pu.erized to prepare hydrogen absorbing alloy powder halg a pa^d^ 2 75 

disch^^ Comparat,e Example 27 were subjected to a charge/ 

the secondary battery was ifst to 'a SLSSSXS? T^™ h ^ ,eSt Were 38 lollOWS - Namel * 

are shown in the following Table 14 ^ ,rTM,m d,SChar9e capac '^ Tne resutts <* this test 

(Vickers hardness) 
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As apparent from Table 14, the secondary batteries according to Examples 109 io 117 comprising alloys which 
were manufactured by means of a casting method and represented by the general formula (8) indicated a larger dis- 
55 charge capacity and a longer cycle life as compared with the secondary battery according to Comparative Example 
27. it is aiso apparent that the secondary battery of Examples 109 to 116 which comprised a negative electrode con- 
taining a hydrogen-absorbing alloy having a Vickers hardness of less than 700 Hv was more excellent in the discharge 
capacity and the cycle life as compared with the secondary battery of Example 117 which comprised a negative elec- 
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trode containing a hydrogen-absorbing alloy having a V.ckers hardness of 700 Hv or more. 
(Examples 118-126) 
(Evaluation of electrode) 

alloy ingot. Then, all of the alloy ingots mSS!!^SS!S thefeb * obtainin 9 9 «"* - 

at a temperature of 1.000'C for 5 hours 9 ^ P 26 WWB heaMreated in atmosphere 

powder at a ratio of 1 :3 (weTgh. X) rt5^J22SS^ then W * h etacW * te co «> er 

tons/cm* thus obtaining 9 tods of peltet l^a^T ZT* ior 5 minU,es Wi,h a P ressure of " 

Ni wire nettings, and the perShe^ ^Te^s^Zl 1™ ™!f Pa,,e,S Were Sandwiched be — 

.rode^S 
(Comparative Example 28) 

Then, the a.toy ingo, was matted and the r e ^^ Pf6parin9 an allc * ^ 

disch^e^-lts^^ 

the secondary battery was subjected aHifs. toa 3l22ff!2T T "* " tWS ,SSt W9fe as ,0,,ows - Na ™'V. 
absorbing alloy, and, after 10 minute Sssa i^ Srn ? „ " Wth 3 CUrrem °' 100 mA P er ! 8 °< the hydrogen. 
ai'oyumiftheLttery^ 

discharge cycle was repeated so as to measure the ml*™! 7^ Was decreased down to -0.6V This charge/ 

cyc.e when L discharge capacTty was ZeZolo7^7^1 ,he CyC,S ,i,e < ,he 

are shown in the following Table 15 °' ** maX,mUm dlSChar9e ca P acit » The results of this test 

(Vickers hardness) 

The hydrogen-absorbing alloys obtained in ExamDles lie to 19R 
measure the Vickers hardness thereof in the ZmZEl 1.1 . ! ? wn P aia, iv« Example 28 were tested to 
results of the measurement are shown lZ fo^TableT' "* fe,erenCe ,0 109 ,0 117 " The 
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As apparent from Table 15. the secondary batteries according to Examoles lift m im ™™ ■ 

capacrty and the cycle life as compared with the secondary battery of ExamoL 126 whTS ™ J S ° har9e 
trode containing a hydrogen-absorbing aitoy having a V loKSSSS 3t» Hv o^ol ' ' ne9a, ' Ve 

(Examples 127-140 and Comparative Examples 29-31) 

mere* m«*«rt, a „oy h9 TS Z^^^^^"™™' «* « "»» «» """ephere 

Then these hydrogen absorbing alloy ingots were pulverized and sieved to prepare the allov ^ orc h 
particle diameter of 75 urn or less. prepare tne alloy powders having a 

Then, a hydrogen-absorbing a„oy electrode was manufactured through the procedures as i.lustrated below. 
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150 \iL (5% by weight) of aqueous solution of PVA (polyvinyl alcohol)was added to 600 mg of each alloy powder 
and sufficiently kneaded to obtain a paste. The paste was then stuffed into a foamed metal substrate having a size of 
2 cm x 2 cm and provided with a terminal and then sufficiently dried in air atmosphere and in vacuum. The resultant 
composite body was pressed with a pressure of 2 tons/cm 2 , thus obtaining the hydrogen absorbing alloy electrode (a 
5 negative electrode). 

Each of the negative electrodes thus obtained was dipped together with a counter electrode (sintered nickel elec- 
trode) into an aqueous solution of 8N-KOH (electrolyte), and a charge/discharge test was performed at temperatures 
of 25°C and 50°C. 

The charge/discharge conditions in this test were as follows. Namely, in each temperature (25° C and 50° C), the 
io secondary battery was subjected at first to a charging for 5 hours with a current of 100 mA per 1g of the hydrogen- 
absorbing alloy, and, after 10 minute cessation, discharged with a current of 50 mA per 1 g of the hydrogen-absorbing 
alloy until the battery voltage (with respect to a mercury oxide reference electrode) was decreased down to -0.6V 
which was followed by a 10 minute cessation. 

Then, a discharge capacity maintenance rate (%) at a temperature of 50°C was calculated from the discharge 
is capacities at temperatures of 25°C and 50°C according to the following formula (i), the results being shown in the 
following Table 17. 

Maintenance rate (%) = {C(50°C)/C(25 o C)} X 100 (i) 
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wherein C(50°C) is a discharge capacity at the 50th cycle in the charge/discharge test at a temperature of 50°C; 
and C(25°C) is a discharge capacity at the 50th cycle in the charge/discharge test at a temperature of 25 6 C. 
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Table 17 





Discharge capacity maintenance rdie \ /o; m ju v> 


Example 127 


DO 


Example 128 


QC 

bo 


Example 129 


of 


Example 130 


So 


Example 131 


87 


Example 132 


85 


Example 133 


85 


Example 134 


83 


Example 135 


82 


Example 136 


QO 


Example 137 


84 


Example 138 


83 


Example 139 


80 


Example 140 


82 


Comparative Example 29 


77 


Comparative Example 30 


74 


Comparative Example 31 


67 



30 As apparent from Tables 16 and 17, the secondary batteries of Examples 1 27 to 140 each comprising a negative 

electrode containing a hydrogen-absorbing alloy where Ce content in the R2 was less than 20% by weight were capable 
of more effectively suppressing the deterioration of discharge capacity at high temperatures as compared with the 
secondary batteries of Comparative Examples 29 to 31 comprising a negative electrode containing a hydrogen-ab- 
sorbing alloy where Ce content in the R2 was more than 20% by weight. 

35 

(Examples 141-150 and Comparative Examples 32-35) 

Each element was weighed, taking the yield into consideration, so as to ultimately obtain the compositions shown 
in the Table 1 8, and the resultant compositions were melted in an induction furnace filled with an argon gas atmosphere 
40 thereby manufacturing alloy ingots. Then, each alloy ingot was melted and the resultant melt was dropped in an argon 
gas atmosphere on the surface of a copper roll rotating at a peripheral velocity of 5 m/sec to quench the melt, thereby 
obtaining a thin hydrogen -absorbing alloy flake. Subsequently, the thin alloy flake was heat-treated at a temperature 
of 890°C for 12 hours in an argon atmosphere. 

Then, these hydrogen absorbing alloy flakes were pulverized and sieved to prepare the alloy powders having a 
4$ particle diameter of 75 u/n or less. Then, a hydrogen -absorbing alloy electrode (a negative electrode) was manufactured 
in the same manner as illustrated with reference to the aforementioned Examples 127 to 140. 

Each of the negative electrodes thus obtained was dipped together with a counter electrode (sintered nickei elec- 
trode) into an aqueous solution of 8N-KOH (electrolyte), and a charge/discharge test was perfonned at temperatures 
of 25°C and 50°C. The charge/discharge conditions in this test were the same as illustrated with reference to the 
so aforementioned Examples 1 27 to 1 40. 

Then, a discharge capacity maintenance rate (%) at a temperature of 50°C was calculated from the discharge 
capacities at temperatures of 25°C and 50°C according to the aforementioned formula (i), the results being shown in 
the following Table 1S. 
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Table 19 





nirr>homo r»ar\ar>it\/ maintpnance rate at 50°C 

UlSCnar QB CapdUliy i Hall hoi iqi i^c ioic^/o/bi^w w 


Example 141 


87 


Example 142 




Example 143 


Rfi 

OD 


Example 144 


O 1 


Example 145 


QC 

bo 


Example 146 


QO 


Example 147 


83 


Example 148 


84 


Example 149 


82 


Example 150 


79 


Comparative Example 32 


42 


Comparative Example 33 


38 


Comparative Example 34 


43 


Comparative Example 35 


34 



As apparent from Tables 18 and 19, the secondary batteries of Examples 141 to 150 each comprising a negative 
electrode containing a hydrogen-absorbing alloy where Ce content in the R2 was less than 20% by weight were capable 
of more effectively suppressing the deterioration of discharge capacity at high temperatures as compared with the 
secondary batteries of Comparative Examples 32 to 35 comprising a negative electrode containing a hydrogen-ab- 
sorbing alloy where Ce content in the R2 was more than 20% by weight. 

The hydrogen-absorbing alloys included in the negative electrode of the second batteries according to Examples 
141 to 150 were manufactured by means of a melt-quenching method. While the hydrogen-absorbing alloys included 
in the negative electrode of the second batteries according to previous Examples 127 to 140 were manufactured by 
means of a casting method, so that the cooling rate of the alloy was relatively slow as compared with that in Examples 
141 to 150. 

As apparent from Tables 16 to 19, the secondary batteries of Examples 141 to 150 exhibited respectively a dis- 
charge capacity which was comparable to the secondary batteries of Examples 127 to 140. The reason for enabling 
the secondary batteries according to Examples 141 to 150 to exhibit a high discharge capacity maintenance rate at a 
temperature of 50*C even if the hydrogen-absorbing alloy was manufactured through a quench solidification such as 
a melt-quenching method using a roll may be attributed to the fact that since the compositions thereof contained less 
than 20% by weight of Ce in its R2 component, it was possible to obtain a hydrogen-absorbing alloy which was minimal 
in plane defect even though the alloy was manufactured by means of a melt-quenching method. 

(Examples 151 -163 and Comparative Examples 36-40) 

Each element was weighed, taking the yield into consideration, so as to ultimately obtain the compositions shown 
in the Table 20, and the resultant compositions were melted in an induction furnace filled with an argon gas atmosphere 
thereby manufacturing alloy ingots. Each alloy ingot was then heat-treated in an argon atmosphere at a temperature 
of 1,000°C for 5 hours, thereby preparing the hydrogen -absorbing alloy ingots each having a composition shown in 
the following Table 20. 

Then, these hydrogen absorbing alloy ingots were pulverized and sieved to prepare the alloy powders having a 
particle diameter of 75 jam or less. 

Then, a hydrogen-absorbing alloy electrode was manufactured through the same procedures as illustrated with 
reference to the aforementioned Examples 127 to 140. 

Each of the negative electrodes thus obtained was dipped together with a counter electrode (sintered nickel elec- 
trode) into an aqueous solution of 8N-KOH (electrolyte), and a charge/discharge test was performed al temperatures 
of 25"C and 5G°C. The charge/discharge conditions in this test were the same as illustrated with reference to the 
aforementioned Examples 127 to 140. 
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As apparent from Tables 20 and 21 . the secondary batteries of Examples 151 to 153 each comprising a negative 
electrode containing a hydrogen-absorbing alloy where Ce content in the R3 was less than the value (m% by weight) 
calculated from the formula (I) were capable of more effectively suppressing the deterioration of discharge capacity a 
a high temperature environment as compared with the secondary battery of Comparative Example 36 comprising a 
negative electrode containing a hydrogen-absorbing alloy where Ce content in the R3 was more than m% by weight 

Further, from the companson in property between the secondary batteries of Examples 154 to 15S and the sec- 
ondary battery of Comparative Example 37. as well as from the comparison in property between the second batteries 
of Examples 157 to 159 and the secondary battery of Comparative Example 38. it is apparent that when Co content 
is altered l.kewise, the similar tendency as illustrated above would be recognized. Moreover, as seen from Examples 
160 to 163. even when the atomic ratio of each element or the kind of the element is changed, it is possible to suppress 
the deterioration of discharge capacity at high temperatures as far as the Ce content in the R3 is less than m% by weight. 

(Examples 164-175 and Comparative Examples 41-47) 

■ , h E ™ e ?^T Wei9hed ' taki " 9 the yield int0 considerati ° n . so as to ultimately obtain the compositions shown 
m the Table 22 and the resultant compositions were melted in an induction furnace filled with an argon gas atmosphere 
thereby manufacturing alloy ingots. Then, each alloy ingot was melted and the resultant melt was dropped in an argon 
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gas atmosphere on the surface of a copper roll rotating at a peripheral velocity of 5 m/sec to quench the melt, thereby 
obtaining a thin hydrogen-absorbing alloy flake. Subsequently, the thin alloy flake was heat-treated at a temperature 
of 890°C for 12 hours in an argon atmosphere. 

Then, these hydrogen absorbing alloy flakes were pulverized and sieved to prepare the alloy powders having a 
s particle diameter of 75 u/n or less. . 

Then, a hydrogen-absorbing alloy electrode was manufactured through the same procedures as illustrated with 
reference to the aforementioned Examples 1 27 to 1 40. 

Each of the negative electrodes thus obtained was dipped together with a counter electrode (sintered nickel elec- 
trode) into an aqueous solution of 8N-KOH (electrolyte), and a charge/discharge test was performed at temperatures 
io of 25°C and 50°C. The charge/discharge conditions in this test were the same as illustrated with reference to the 
aforementioned Examples 127 to 140. 

Then, a discharge capacity maintenance rate (%) at a temperature of 50°C was calculated from the discharge 
capacities at temperatures of 25°C and 50°C according to the aforementioned formula (i), the results being shown in 
the following Table 23. 
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As apparent from Tables 22 and 23, the secondary batteries of Examples 164 to 166 each comprising a negative 
electrode containing a hydrogen-absorbing alloy where Ce content in the R3 was less than the value (m% by weight) 
calculated from the formula (I) were capable of more effectively suppressing the deterioration of discharge capacity at 

45 a high temperature environment as compared with the secondary battery of Comparative Example 41 comprising a 
negative electrode containing a hydrogen -absorbing alloy where Ce content in the R3 was more than m% by weight. 

Further, from the comparison in property between the second batteries of Examples 1 67 to 1 69 and the secondary 
battery of Comparative Example 42, as well as from the comparison in property between the second batteries of Ex- 
amples 170 to 172 and the secondary battery of Comparative Example 43, it is apparent that when Co content is altered 

so likewise, the similar tendency as illustrated above would be recognized. Moreover, as seen from Examples 1 73 to 1 75, 
even when the atomic ratio of each element or the kind of the element is changed, it is possible to suppress the 
deterioration of discharge capacity at high temperatures as far as the Ce content in the R3 is less than m% by weight. 

The hydrogen-absorbing alloys included in the negative electrode of the secondary batteries according to Examples 
164 to 175 were manufactured by means of a melt-quenching method. While the hydrogen -absorbing alloys included 

55 in the negative electrode of the secondary batteries according to previous Examples 151 to 163 were manufactured 
by means of a casting method, so that the cooling rate of the alloy was relatively slow as compared with that in Examples 
164 to 175. 

As apparent from Tables 20 to 23, the secondary batteries of Examples 164 to 175 exhibited respectively a dis- 
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charge capacity which was comparable to the secondary batteries of Examples 151 to 163. The reason tor enabling 
the secondary batteries according to Examples 164 to 175 to exhibit a high discharge capacity maintenance rate at a 
temperature of 50°C even if the hydrogen-absorbing alloy was manufactured through a quench solidification such as 
a melt-quenching method using a roll may be attributed to the fact that since the Ce content in the R3 component was 
confined to the range defined by the aforementioned formula (I), it was possible to obtain a hydrogen-absorbing alloy 
which was minimal in plane defect even though the alloy was manufactured by means of a me ft -quenching method. 

(Examples 176-195 and Comparative Examples 48-49) 

Each element was weighed so as to obtain the compositions shown in the following Table 24, and the resultant 
compositions were melted in an induction furnace filled with an argon gas atmosphere and then cast into a water- 
cooled copper mold, each melt cast in this manner being allowed to solidify to obtain various kinds of alloy ingot. Then, 
these ingots were subjected to a heat treatment in an argon atmosphere for B hours at a temperature of 900°C. Sub- 
sequently, the alloy ingots were pulverized to prepare hydrogen absorbing alloy powder having a particle diameter of 
150 nm or less. 

By the way, the misch metal (Lm) shown in Table 24 was composed of 90 wt.% of La, 2 wt% of Ce, 5 wt.% of Pr 
and 3 wt.% of Nd; while the misch metal (Mm) was composed of 35 wt.% of La, 50.3 wt% of Ce, 5.5 wt.% of Pr, 9 wt 
% of Nd and 0.2 wt.% of Sm. 



(Comparative Examples 50 to 52) 



Each element was weighed so as to obtain the composition shown in the following Table 24, and the resultant 
compositions were melted in an induction furnace filled with an argon gas atmosphere, thereby preparing alloy ingots. 

Then, each alloy ingots was melted and the resultant melt was dropped in an argon gas atmosphere on the surlace 
of a copper roll rotating at a peripheral velocity of 5 m/sec to quench the melt, thereby obtaining a thin hydrogen- 
absorbing alloy flake. Subsequently, the thin alloy flake was heat-treated at a temperature of 900°C for 8 hours in an 
argon atmosphere and then pulverized to prepare hydrogen absorbing alloy powder having a particle diameter of 150 
jim or less. 

The hydrogen-absorbing alloys obtained in Examples 176-1 95 and Comparative Examples 48-52 were measured 
with respect to the following properties (1 ) and (2). 

(1) Each principal phase of the hydrogen-absdrbing alloy was subjected to a component analysis using an EDX 
analyzer (Energy Dispersive X-ray Spectrometer) of transmission electron microscope and setting the diameter 
of the beam to 4 nm, the values of "a" and 'z' in each resultant composition of the principal phase being shown 
in the following Table 25. 

(2) In each hydrogen-absorbing alloy, the (100) plane of the principal phase having a composition represented by 
the aforementioned general formula (12) where the values of 'a" and "z" therein are indicated in Table 25 was 
photographed (magnification: X20.000) in ten visual fields, each visual field being dislocated from others, by using 
a transmission electron microscope. Then, the number of plane defect per 100 nm was counted in optional ten 
regions in each visual field, the resultants being shown in the following Table 24. 

(3) A rechargeable hydrogen storage capacity (JIS H7003: Term for Hydrogen Absorbing Alloy), i.e. one of the 
hydrogen-absorption properties, was determined on each hydrogen-absorbing alloy powder by making use of the 
iso-thermal line of pressure-composition which was measured under a hydrogen pressure of less than 10 atm at 
a temperature of 60°C by means of Sieverts's method (JIS H7201 ), the results being shown in the following Table 



Further, a magnified picture (20,000 times) of the (100) plane of crystal grain constituting the principal phase of 
the hydrogen-absorbing alloy according to Example 177 was taken by making use of a transmission electron micro- 
scope, the microscopic picture thus obtained is shown in FIG. 4. 

Furthermore, various kinds of hydrogen absorbing alloy electrode (a negative electrode) were manufactured from 
the hydrogen-absorbing alloy powders obtained in Examples 176-195 and Comparative Examples 48-52 by making 
use of the following method. Namely, each hydrogen absorbing alloy powder was mixed with electrolytic copper powder 
at a ratio of 1 :3 (weight ratio), and ig of the resultant mixture was pressed for 5 minutes with a pressure of 10 tons/ 
cm* thus obtaining various kinds of pellet each having a diameter of 10 mm. These pellets were respectively sand- 
wiched between Ni wire nets, and the peripheral portion thereof was spot-welded and pressed. Subsequently, to this 
pressed body was connected Ni lead wires by means of spot-welding thereby preparing the hydrogen absorbing alloy 
electrodes (a negative electrode). 

Each of the negative electrodes thus obtained was dipped together with a counter electrode (sintered nickel elec- 
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trode) into an aqueous solution of 8N-KOH (electrolyte) in a case thereby to perform a charge/discharge cycle test at 
a temperature of 20°C. The charge/discharge conditions in this test were as follows. Namely, the secondary battery 
was subjected at first to a charging for 5 hours with a current of 100 mA per 1g of the hydrogen-absorbing alloy, and, 
after 10 minute cessation, discharged with a current of 100 mA per 1 g of the hydrogen-absorbing alloy until the battery 
voltage (with respect to a mercury oxide electrode) was decreased down to -0.7V This charge/discharge cycle was 
repeated so as to measure the maximum discharge capacity and the cycle life (the number of cycle when the discharge 
capacity was lowered to 70% of the maximum discharge capacity). The results of this test are shown in the following 
Table 25. 
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As apparent from Tables 24 and 25, the hydrogen-absorbing alloys of Examples 176 to 195 comprising, as a 
55 principal phase, a crystal phase represented by the aforementioned general formula (12) where the values ol 'a" and 
"z" therein meet the formula (II), a plane defect in the principal phase being not more than 20 in number per 100 nm, 
were found more excellent in rechargeable hydrogen storage capacity (H/M) as compared with the hydrogen -absorbing 
alloys of Comparative Examples 48 to 52. Furthermore, the secondary batteries of Examples 176 to 195 which corn- 
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prised a negative electrode containing a hydrogen-absorbing alloy where a crystal phase having such a specific com- 
position was contained as a principal phase, and the plane defect in the principal phase thereof was limited within the 
aforementioned range were found more excellent in both discharge capacity and cycle life as compared with the sec- 
ondary batteries of Comparative Examples 48 to 52. 

(Examples 196-215 and Comparative Examples 53-54) 

Each element was weighed so as to obtain the compositions shown in the following Table 26, and the resultant 
compositions were melted in an induction furnace filled with an argon gas atmosphere and then cast into a water- 
cooled copper mold, each melt cast in this manner being allowed to solidify to obtain various kinds of alloy ingot. Then, 
these ingots were subjected to a heat treatment in an argon atmosphere for 12 hours at a temperature of 890°C. 
Subsequently, the alloy ingots were pulverized to prepare hydrogen absorbing alloy powder having a particle diameter 
of 125 ujnor less. 

By the way, the misch metal (Lm) shown in Table 26 was composed of 94 wt.% of La, 2 wt.% of Ce, 2 wt.% of Pr 
and 2 wt.% of Nd; while the misch metal (Mm) was composed of 35 wt.% of La, 50.3 wt.% of Ce, 5.5 wt% of Pr, 9 wt. 
% of Nd and 0.2 wt.% of Sm. 

(Comparative Examples 55 to 57) 

Each element was weighed so as to obtain the composition shown in the following Table 26, and the resultant 
compositions were melted in an induction furnace filled with an argon gas atmosphere, thereby preparing alloy ingots. 

Then, each alloy ingots was melted and the resultant melt was dropped in an argon gas atmosphere on the surface 
of a copper roll rotating at a peripheral velocity of 5 m/sec to quench the melt, thereby obtaining a thin hydrogen- 
absorbing alloy flake. Subsequently, the thin alloy flake was heat-treated at a temperature of 890°C for 12 hours in an 
argon atmosphere and then pulverized to prepare hydrogen absorbing alloy powder having a particle diameter of 125 
ujti or less. 

The hydrogen-absorbing alloys obtained in Examples 196-215 and Comparative Examples 53-57 were measured 
with respect to the following properties (1 ) to (3). 

(1) Each principal phase of the hydrogen -absorbing alloy was subjected to a component analysis using an EDX 
analyzer (Energy Dispersive X-ray Spectrometer) of transmission electron microscope and setting the diameter 
of the beam to 4 nm, the values of "a" and V in each resultant composition of the principal phase being shown 
in the following Table 26. 

(2) Each of the hydrogen-absorbing alloy was photographed (magnification: X30,000) at different ten crystal grains 
through a transmission electron microscope. Then, the number of plane defect per 1 00 nm was counted in optional 
ten regions in each crystal grain, and an average number of plane defect per 100 nm determined from the ten 
crystal grains was calculated. Further, the area ratio of crystal grains where the average number of plane defect 
was 20 or less per 100 nm was calculated, the results were shown in the following Table 27. 

(3) A rechargeable hydrogen storage capacity (JIS H7003: Term for Hydrogen Absorbing Alloy), i.e. one of the 
hydrogen-absorption properties, was determined on each hydrogen-absorbing alloy powder by making use of the 
iso-thermal line of pressure-composition which was measured under a hydrogen pressure of less than 10 atm. at 
a temperature of 60°C by means of Sieverts's method (JIS H7201 ), the result being shown in the following Table 27. 

Furthermore, various kinds of hydrogen absorbing alloy electrode (a negative electrode) were manufactured from 
the hydrogen-absorbing alby powders obtained in Examples 196-215 and Comparative Examples 53-57 by following 
the same procedures as explained with reference to Examples 176-1 95. 

Each of the negative electrodes thus obtained was dipped together with a counter electrode (sintered nickel elec- 
trode) into an aqueous solution of 8N-KOH (electrolyte) in a case thereby to perform a charge/discharge cycle test at 
a temperature of 20°C. The charge/discharge conditions in this test were as follows. Namely, the secondary battery 
was subjected at first to a charging for 5 hours with a current of 100 mA per 1g of the hydrogen-absorbing alloy, and, 
after 10 minute cessation, discharged with a current of 150 mA per 1g of the hydrogen-absorbing alloy until the battery 
voltage (with respect to a mercury oxide electrode) was decreased down to -0.7V This charge/discharge cycle was 
repeated so as to measure the maximum discharge capacity and the cycle life (the number of cycle when the discharge 
capacity was lowered to 70% of the maximum discharge capacity). The results of this test are shown in the following 
Table 27. s 
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As apparent from Tables 26 and 27, the hydrogen-absorbing alloys of Examples 196 to 215 comprising, as a 
principal phase, a crystal phase represented by the aforementioned general formula (1 3) where the values of "a" and 
"z" therein meet the formula (II), and having more than 70% by volume of the crystal phase where the plane defect in 
crystal grain is not more than 20 in number per 100 nm were found more excellent in rechargeable hydrogen storage 
capacity (H/M) as compared with the hydrogen-absorbing alloys of Comparative Examples 53 to 57. Furthermore, the 
secondary batteries of Examples 196 to 215 which comprised a negative electrode containing a hydrogen-absorbing 
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alloy where a crystal phase having such a specific composition was contained as a principal phase and the ratio of 
crystal phase where the plane defect in the crystal grain thereof was within the aforementioned range were found more 
excellent in both discharge capacity and cycle life as compared with the secondary batteries of Comparative Examples 
53 to 57. 

(Examples 216-235 and Comparative Examples 58-59) 

Each element was weighed so as to obtain the compositions shown in the following Table 28, and the resultant 
compositions were melted in an induction furnace filled with an argon gas atmosphere and then cast into a water- 
cooled copper mold, each melt cast in this manner being allowed to solidify to obtain various kinds of alloy ingot. Then, 
these ingots were subjected to a heat treatment in an argon atmosphere for 12 hours at a temperature of 890°C. 
Subsequently, the alloy ingots were pulverized to prepare hydrogen absorbing alloy powder having a particle diameter 
of 1 00 ujn or less. 

By the way, the misch metal (Lm) shown in Table 28 was composed of 85 wt.% of La, 3 wt.% of Ce, 1 0 wt.% of Pr 
is and 2 wt.% of Nd; while the misch metal (Mm) was composed of 38 wt% of La, 50.3 wt.% of Ce, 5.5 wt.% of Pr, 6 wt. 
% of Nd and 0.2 wt.% of Sm. 

(Comparative Examples 60 to 63) 

20 Each element was weighed so as to obtain the composition shown in the following Table 28, and the resultant 

compositions were melted in an induction furnace filled with an argon gas atmosphere, thereby preparing alloy ingots. 

Then, each alloy ingots was melted and the resultant melt was dropped in an argon gas atmosphere on the surface 
of a copper roll rotating at a peripheral velocity of 5 m/sec to quench the melt, thereby obtaining a thin hydrogen- 
absorbing alloy flake. Subsequently, the thin alloy flake was heat-treated at a temperature of 890°C for 1 2 hours in an 

2S argon atmosphere and then pulverized to prepare hydrogen absorbing alloy powder having a particle diameter of 1 00 
jim or less. 

The hydrogen-absorbing alloys obtained in Examples 21 6-235 and Comparative Examples 58-63 were measured 
with respect to the following properties (1) and (2). 

30 (1 ) The analysis of each hydrogen-absorbing alloy was performed by taking the pictures of the secondary electronic 

image and the back scattered electronic image thereof by making use of a scanning electron microscope (SEM), 
and then by performing the component analysis of each phase by making use of an EDX analyzer (Energy Dis- 
persive X-ray Spectrometer) of scanning electron microscope, thus determining the values of "a' and "z" in com- 
position of the principal phase, the area ratios of a crystal phase having a CaCu 5 type crystal structure, and of a 

35 crystal phase having a MgCug type crystal structure. The results thus measured are shown in the following Table 29. 

(2) A rechargeable hydrogen storage capacity (JIS H7003: Term for Hydrogen Absorbing Alloy), i.e. one of the 
hydrogen-absorption properties, was determined on each hydrogen-absorbing alloy powder by making use of the 
iso-thermal line of pressure-composition which was measured under a hydrogen pressure of less than 10 atm. at 
a temperature of 60°C by means of Sieverts's method (JIS H7201), the results being shown in the following Table 

40 30. 

Furthermore, various kinds of hydrogen absorbing alloy electrode (a negative electrode) were manufactured from 
the hydrogen-absorbing alloy powders obtained in Examples 216-235 and Comparative Examples 58-63 by following 
the same procedures as explained with reference to Examples 176-195. 

4$ Each of the negative electrodes thus obtained was dipped together with a counter electrode (sintered nickel elec- 

trode) into an aqueous solution of 8N-KOH (electrolyte) in a case thereby to perform a charge/discharge cycle test at 
a temperature of 20°C. The charge/discharge conditions in this test were as follows. Namely, the secondary battery 
was subjected at first to a charging for 5 hours with a current of 1 00 mA per 1 g of the hydrogen-absorbing alloy, and, 
after 10 minute cessation, discharged with a current of 200 mA per 1 got the hydrogen-absorbing alloy until the battery 

so voltage (with respect to a mercury oxide electrode) was decreased down to -0.7V This charge/discharge cycle was 
repeated so as to measure the maximum discharge capacity and the cycle life (the number of cycle when the discharge 
capacity was lowered to 70% of the maximum discharge capacity). The results of this test are shown in the following 
Table 30. 
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As apparent from Tables 28 and 30, the hydrogen-absorbing alloys of Examples 216 to 235 comprising, as a 
principal phase, a crystal phase represented by the aforementioned general formula (14) where the values of "a" and 
"z" therein meet the formula (II), and further comprising not more than 20% by volume of a crystal phase having a 
CaCu 5 type crystal structure and not more than 10% by volume of a crystal phase having a MgCug type crystal were 
found more excellent in rechargeable hydrogen storage capacity (H/M) as compared with the hydrogen-absorbing 
alloys of Comparative Examples 58 to 63. Furthermore, the secondary batteries of Examples 216 to 235 which com- 
prised a negative electrode containing a hydrogen-absorbing alloy having such specific crystal phases in such a specific 
ratio were found more excellent in both discharge capacity and cycle life as compared with the secondary batteries of 
Comparative Examples 58 to 63. 

As explained above, it is possible according to this invention to provide a hydrogen-absorbing alloy which is capable 
of further improving the hydrogen desorption property as compared with the conventional Mg-based hydrogen-absorb- 
ing alloy, while ensuring a high hydrogen absorption capacity. Therefore, it is possible according to the hydrogen- 
absorbing alloy of this invention to further expand the field of application to which other kinds of hydrogen-absorbing 
alloys have been applied. For example, the hydrogen -absorbing alloys according to this invention can be applied to 
the storage and transport of hydrogen, the storage and transport of heat, the conversion of heat energy to mechanical 
energy, the separation and purification of hydrogen, the separation of hydrogen isotope, a battery employing hydrogen 
as an active material, a catalyst in synthetic chemistry, a temperature sensor, etc. Furthermore, it is also possible 
according to the hydrogen-absorbing alloy of this invention to further develop a new field of application utilizing a 
hydrogen-absorbing alloy. 

Additionally, it possible according to the secondary battery of this invention to realize a high capacity and a long 
charge/discharge cycle life, thus exhibiting prominent effects. 
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Claims 

1 . A hydrogen-absorbing alloy which contains an alloy ingot manufactured by means of a casting or sintering method 
or a pulverized product of said alloy ingot, and said alloy ingot being represented by the following general formula 



(M9i*b m .M1 5 )Ni l 



wherein R1 is at least one element selected from rare earth elements (including Y); M1 is at least one element 
selected from elements having a larger electronegativity than that of Mg (excluding the elements of R1 Cr, Mn 
Fe. Co. Cu, Zn and Ni); and a. b and z are respectively a number satisfying conditions: 01<a<08 0<h< 
0.9, 1-a-b>0.and3 SZS3.8. ' 

2. The hydrogen-absorbing alloy according to claim 1, characterized in that said Ml is at least one kind of element 
selected from the group consisting of Al. Ta. V. Nb. Ga, In. Ge. Pb. Mo. Sn. Si, Re, Ag, B, C, P, Ir, Rh. Ru, Os, Pt. 



3. A hydrogen-absorbing alloy which contains an alloy ingot manufactured by means of a casting or sinterinq method 
or a pulverized product of said alloy ingot, and said alloy ingot being represented by the following general formula 



MSi-aRWxIv^ 



(2) 



wherein R1 is at least one element selected from rare earth elements (including Y); M2 is at least one element 
selectedfromthegroupconsistingofCr.Mn.Fe,Co,CuandZn;anda,xand 

conditions: 0.1<aS 0.8, 0 < x £ 0.9, and 3 S z % 3.8. *»K>iying 

4. A hydrogen-absorbing alloy which contains an alloy ingot manufactured by means of a casting or sinterino method 
or a pulverized product of said alloy ingot, and said alloy ingot being represented by the following general formula 

{*)> 



(3) 



, ,^! re ' n 2 ' S ° ne 6nt Se ' ected ,f0m rare earth elements ("Cluing Y); M2 is at least one element 
selected f rom the group consisting of Cr. Mn. Fe. Co, CuandZn; M1 isat least one eLent selected from element 
having a larger electronegatmty than that of Mg (excluding the elements of R1. the elements of M1 and Ni)- and 
a, b. x and z are respectively a number satisfying conditions: 0.1 s a s 0.8. 0 < b s o 9 1 -a-b >00<x<oq 
and 3szs 3.8. ' ~ u - 3 ' 

The hydrogen-absorbing alloy according to claim 4. characterized in that said M1 is at least one kind of element 
Tute andS °' * * * ^ ^ ^ Pb ' M °' ^ Si " Re " As ' B " C ' P ' "■ * * tTS 

A hydrogen-absorbing alloy which contains an alloy ingot manufactured by means of a casting or sintering method 
or a putvenzed product of sa,d alloy ingot, and said alloy hgot being represented by the foflowing general formula 



M 9 1 ^R1 a (Ni 1 . x M3 x ) 2 



(4) 



where.n R1 .s at least one element selected from rare earth elements (including Y); M3 is at least one element 
selected from the group consisting of Co, Mn, Fe. Al. Ga, Zn. Sn, Cu, Si and B; and a x and z are'espedZ a 
number sat.sfy.ng cond.t.ons: 0.65 s a == 0.8, 0 < x s 0.6. and 3 s z s 3.8, respectively res P ectlve| y a 
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7. A hydrogen-absorbing alloy which contains an alloy ingot manufactured by means of a casting or sintering method 
or a pulverized product of said alloy ingot, and said alloy ingot being represented by the following general formula 
(5); 

5 M9va-b R1 a Tl b( Ni 1-x M3 x)z (5) 

wherein R1 is at least one element selected from rare earth elements (including Y); T1 is at least one element 
selected from the group consisting of Ca, 71, Zr and Hf ; M3 is at least one element selected from the group consisting 
of Co, Mn, Fe, Al, Ga, Zn, Sn, Cu, Si and B; and a, b, x and z are respectively a number satisfying conditions: 0.65 
Sa< 0.8," 0 < b ^ 0.3, 0.65 < (a+b) ^ 0.8, 0 < x ^ 0.6, and 3 £ z £ 3.8. 

8. A hydrogen-absorbing alloy which contains an altoy ingot manufactured by means of a casting or sintering method 
or a pulverized product of said alloy ingot, and said alloy ingot being represented by the following general formula 

15 (6); 

M 9 a R1 1.a( Ni 1.x.y Co x M4 y)z < 6 > 

20 wherein R1 is at least one element selected from rare earth elements (including Y); M4 is at least one element 

selected from the group consisting of Mn, Fe, V, Cr, Nb, Al, Ga, Zn, Sn, Cu, Si, P and B; and a, x, y and z are 
respectively a number satisfying conditions: 0.2 ^ a ^ 0.35, 0<xS 0.5, 0 ^ y ^ 0.2, and 3 ^ z ^ 3.8. 

9. A hydrogen-absorbing alloy which contains an alloy ingot manufactured by means of a casting or sintering method 
25 or a pulverized product of said alloy ingot, and said alloy ingot being represented by the following general formula 

(7); 



30 
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40 



45 



50 



Mg a R1^. b T2 b (Ni 10{ . y Co x M4 y ) 2 (7) 

wherein R1 is at least one element selected from rare earth elements (including Y); T2 is at least one element 
selected from the group consisting of Ca, Ti and Zr; M4 is at least one element selected from the group consisting 
of Mn, Fe, V, Cr. Nb, Al, Ga, Zn, Sn, Cu, Si, P and B; and a, b, x, y and z are respectively a number satisfying 
conditions: 0.2 ^ a ^ 0.35, 0 < b ^ 0.3, 0 < x ^ 0.5, O^ys 0.2, and 3 ^ z ^ 3.8. 

1 0. A hydrogen-absorbing alloy which contains an alloy ingot manufactured by means of a casting or sintering method 
or a pulverized product of said alloy ingot, and said alloy ingot being represented by the following general formula 
(8); 

Mg^ta^RI^Ni, (8) 

wherein R1 is at least one element selected from rare earth elements (including Y) but is not La; and a, b 
and z are respectively a number satisfying conditions: 0.2 ^ a ^ 0.35, 0.01 ^ b < 0.5, and 3 < z ^ 3.8. 

11. The hydrogen-absorbing alloy according to claim 10, characterized in that said alloy ingot has a Vickers hardness 
of less than 700 Hv (kgf/mm 2 ). 

12. A hydrogen-absorbing alloy which contains an alloy ingot manufactured by means of a casting or sintering method 
or a pulverized product of said alloy ingot, and said alloy ingot being represented by the following general formula 

O); 



Mg^La^m^.^Ni^MS^ (9) 

55 

wherein R1 is at least one element selected from rare earth elements (including Y) but is not La; M3 is at 
least one element selected from the group consisting of Co, Mn, Fe, Al, Ga, Zn, Sn, Cu, Si and B; and a, b, x and 
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z are respectively a number satisfying conditions: 0.2 ^ a ^ 0.35, 0.01 ^ b < 0.5, 0.1 sxs 0.6, and 3 ^ z ^ 3.8. 

13. The hydrogen-absorbing alloy according to claim 12, characterized in that said alloy ingot has a Vickers hardness 
of less than 700 Hv (kgf/mm 2 ). 

14. A hydrogen-absorbing alloy containing an alloy represented by the following general formula (10); 

M 9a TO l-a* T V Ni i-x M3 x)z 00) 



wherein R2 is two or more kinds of element selected from rare earth elements (including Y), the content of 
Ce constituting said R2 being less than 20% by weight; T1 is at least one element selected from the group consisting 
of Ca, Ti. Zr and Hf; M3 is at least one element selected from the group consisting of Mn, Fe, Co, Al, Ga, Zn, Sn, 
Cu, Si and B; and a, b, x and z are respectively a number satisfying conditions: 0 < a ^ 0.5, Osbg 0.3. Osx 
75 g 0.9, and 3 ^ z < 4. 

15. The hydrogen-absorbing alloy according to claim 14, characterized in that said R2 contains at least La as one of 
the rare earth element, the content of La in said R2 being more than 70% by weight. 

20 16. A hydrogen-absorbing alloy containing an alby represented by the following general formula (11); 

M 9aR3l.a-b^b( Ni 1-x-yM5 x Co y ) 2 (11) 

wherein R3 is two or more kinds of element selected from rare earth elements (including Y); T1 is at least 
one element selected from the group consisting of Ca, TI, Zr and Hf; M5 is at least one element selected from the 
group consisting of Mn, Fe, Al, Ga, Zn, Sn, Cu, Si and B; a, b, x, y and z are respectively a number satisfying 
conditions: 0 < a ^ 0.5, 0gb< 0.3, 0 < x < 0.9, 0 < y ^ 0.4, x+y < 0.9, and 3 S z < 4. the content of Ce 
constituting said R3 being less than m% by weight where m is represented by the following formula (I); 

m=125y + 20 (I) 

wherein y is a quantity of Co in the aforementioned general formula (11 ). 

17. A hydrogen-absorbing alloy comprising an alloy represented by the following general formula (12), said alloy con- 
taining a principal phase having a composition where the a and z in said general formula (12) meet the following 
formula (II), and said alloy having a plane defect in said principal phase which is not more than 20 in number per 
100 nm; 

M 9aRli^ Tl b( N h-x M6 x)z (12) 

wherein R1 is at least one element selected from rare earth elements (including Y); T1 is at least one element 
selected from the group consisting of Ca, Ti, Zr and Hf ; M6 is at least one element selected from the group consisting 
of Co, Mn, Fe, Al, Ga, Zn, Sn, Cu, Si, B, Nb, W, Mo, V, Cr, Ta, P and S; and a, b, x and z are respectively a number 
satisfying conditions: 0.2 < a ^ 0.35, 0 ^ b ^ 0.3. 0<x< 0.6, and 3 S z ^ 3.8; 

50 z = -6xa + 6 (II) 

wherein 6 is: 5 - 0.2 s 5 ^ 5 + 0.2. 

ss 18. The hydrogen-absorbing alloy according to claim 17, characterized in that said plane defect in said principal phase 
is not more than 10 in number per 100 nm. 

19. The hydrogen-absorbing alloy according to claim 17, characterized in that said R1 is two or more kinds of rare 
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earth element and includes Ce, the content of Ce in said R1 being less than 20% by weight. 

20. A hydrogen-absorbing alloy comprising an alloy represented by the following general formula (13), said alloy con- 
taining more than 70% by volume of crystal grain having a plane defect of not more than 20 in number per 100 
nm and a principal phase having a composition where the a and z in said general formula (13) meet the following 
formula (II); 

M9b R WV n H-x M6 x)z < 13 > 

wherein R1 is at least one element selected from rare earth elements (including Y); T1 is at least one element 
selected from the group consisting of Ca, Tl, Zr and Hf; M6 is at least one element selectedf rom the group consisting 
of Co, Mn, Fe, Al, Ga, Zn, Sn, Cu, Si, B, Nb, W, Mo, V, Cr, Ta, P and S; and a. b. x and z are respectively a number 
satisfying conditions: 0.2 < a ^ 0.35, 0 < b ^ 0.3, 0 <x< 0.6, and 3 < z < 3.8; 

z = -6xa + 5 (N) 



wherein 5 Is: 5 - 0.2 £ 6 ^ 5 + 0.2. 

20 

21. The hydrogen-absorbing alloy according to claim 20, characterized in that said plane defect in said crystal grain 
is not more than 10 in number per 100 nm. 

22. The hydrogen-absorbing alloy according to claim 20, characterized in that said R1 is two or more kinds of rare 
25 earth element and includes Ce, the content of Ce in said R1 being less than 20% by weight. 



23. A hydrogen-absorbing alloy comprising an alloy represented by the following general formula (1 4), said alloy con- 
taining a principal phase having a composition where the a and z in said general formula (14) meet the following 
formula (II), not more than 20% by volume of a phase having a CaCu 5 type crystal structure and not more than 
10% by volume of a phase having a MgCu 2 type crystal structure; 



M9 a R1 1 . a . b Tl b (Ni Vx M6 x ) 2 (14) 

wherein R1 is at least one element selected from rare earth elements (including Y); T1 is at least one element 
selected from the group consisting of Ca, Ti, Zr and Hf; M6 is at least one element selected from the group consisting 
of Co, Mn, Fe, Al, Ga, Zn, Sn, Cu, Si, B t Nb, W, Mo, V, Cr, Ta, P and S; and a, b, x and z are respectively a number 
satisfying conditions: 0.2 % a < 0.35. 0 < b % 0.3, 0 < x ^ 0.6, and 3 ^ z ^ 3.8; 

z = -6xa + 6 (H) 

wherein 5 is: 5 - 0.2 ^ 5 ^ 5 + 0.2. 

24. The hydrogen-absorbing alloy according to claim 23, characterized in that said R1 is two or more kinds of rare 
earth element and includes Ce r the content of Ce in said Rl being less than 20% by weight. 



so 
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